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Pozgain ]_

Betyn

Pospobuennii Luca Congedo, Semi-Automatic Classification Plugin (SCP) 6e3komrosauii Mojyib
3 BiakpuruM BuxigHuM Kozom i QGIS mis nposemenHs HamiBaBromMaTH4YHO! Kiacudikamii (Takoxk
BiZloMOl sIK KepoBaHa Kiacubikalliss) TaHWX JUCTAHIINHOrO 30HyBaHHs. Bin 3abesmeuye mekimbroma
IHCTpyMEHTaMu JIJIsi 3aBAHTayKEHHsI OE3KOIITOBHUX KOCMIYHUX O3HIMKIB, IepesobpobJieHHsl, icasi00po-
GJIeHHsI, Ta PACTPOBUX PO3PaXyHKIB (6yzapb sacka qusiteest 1o s moocy pooumu 3 SCP? (page 239)).

3aranbHa meta SCP - 3a6e3ne9nTr HAOOPOM B3AEMOIIOB A3aHUX IHCTPYMEHTIB 00POOJIEHHST PACTPIB JJIst
aBTOMATH3AIII]I POOOTOro MPOIECY Ta CIIPOIEHHS Kaacuikallil 3eMeIbHuX MOKPUBIB, M0 11 MOTJIN BU-
KOHyBaTu He Jjiuiie ¢axiBIli B rajysi JUCTaHIiiHOrO 30HIyBaHHs. [lepma Bepcis SCP 6ysa pospobseHa
Luca Congedo y 2012 myisi «ACC Dar Project» 3 MeT0r0 CTBOpEHHSI JIOCTYIIHOI'O IHCTPYMEHTa aBTOMAaTHU-
30BaHOl Kjacudikaril 3eMeJIbHUX MOKPUBIB; HacTynHI Bepcil SCP 6yi10 po3pob/ieHo Ha 3HAK 0COOUCTOL
BifanoCTi rasysi aucraHIiitHOrO 30HIyBaHHS Ta disocodil BigkpuToro Buximuoro komy. SCP Bepcil
6 (xomosa nazsa: Greenbelt) pospobieno B pamkax poboru Luca Congedo man PhD (kanaunarcbkoro
nucepraiiero) 3a HanpsMkoMm Landscape and Environment B Sapienza University of Rome.

ITociGHuk KopucryBada Micruth iHdbopmaio mogao Bemarnosaenns modyas (page 3) SCP ta Inmep-
¢eiic SCP (page 23), a TakoxkK JETAJIbHY XapaKTEPUCTUKY BCix (yHKioHaIbHUX MOxKauBocreil. Kpim
roro, Kopomxui ecmyn do ducmanuyitinozo sondysanms (page 115) BuCBITIIOE OCHOBHI KOHIENIil Ta
BU3HAYEHHs, HeoOXiaHi miist 3acrocyBanuss SCP.

Hast Busuenns ocHoBHux yukiiin SCP nocrynui Bazosi nasuarvhi mamepianau (page 147).

Jlackapo 3anporyemo nocupusitu SCP (nus. x doayuwumucy ma cnpusmu SCP (page 240)) Ta npu-
ennaruch 10 rpynu Facebook . Takox Oyap jacka ozuitomrects 3 Jacmi numanns (page 231).

IITo6 orpumaTn Ginbire indopmaliil Ta HaBIAJLHIX MaTepiasis, 3aBiTaiiTe 10 odimiiiHoro caiTy.

From GIS to Remote Sensing
ITocunannsa:

Congedo Luca (2016). Semi-Automatic Classification Plugin Documentation. DOI: http://dx.doi.org/10.
13140/RG.2.2.29474.02242/1

Jlinensis:

ko He 3a3HaYEHO iHIIIE, TO 3MICT 1€l poOOTH MOMUPIOEThC Ha yMoBax Jinensii Creative Commons [3
3a3HAYEHHAM aBTOPCTBa - [lommpenns mHa Tux camux ymonax 4.0 Mixknapomna.



http://www.researchgate.net/profile/Luca_Congedo
http://www.qgis.org
https://www.facebook.com/groups/SemiAutomaticClassificationPlugin
https://fromgistors.blogspot.com
http://dx.doi.org/10.13140/RG.2.2.29474.02242/1
http://dx.doi.org/10.13140/RG.2.2.29474.02242/1
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
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Semi-Automatic Classification Plugin - BinbHe mporpamMHe 3abe3IedYeHHA: BU MOXeTe
momupoBaTH Ta/abo 3MiHOBaTH #Horo Ha yMoBax Bepcii 3 CTammapTHOI IpoMazCbKoI

ninernsii GNU, omy6mikosarol PoHmoM BimbHOTO mIporpaMHOro 3abesmedeHHa. Semi-Automatic
Classification Plugin nommpoeTsca 3 Hamieo, mo BiH 6ynme kopucruM, ane BE3 XOIHUX
TAPAHTII; maBiTp 6e3 06B'sI3KOBOI raparTii IIPMJATHOCTI [AJId IIPOJAXY a6o BIAMNOBIAHOCTI
[IEBHI/ BU3HAUEHIN METI. Ina 6imem moxnamuol imdopManil muBiThca CTaHIapTHY
rpoManchky ninersio GNU, komin @Kol Bm nosuHHiI Oynm oTpumMaTu pasoM 3 Semi-Automatic
Classification Plugin. B inmoMy Bumazky muBiTbcg http://www.gnu.org/licenses/.

Ilepekianadi:

Vkpainceka: lap’s Ceinzincbka
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BcTaHoBneHHs mogyns

The Semi-Automatic Classification Plugin requires the installation of GDAL, OGR, NumPy, SciPy and
Matplotlib (already bundled with QGIS).

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

2.1 BctaHoBnenHsi y Windows 32 GiT

2.1.1 3aBaHTa>keHHa Ta BcTtaHoBneHHa QGIS

e 3apanTaxkre HaitHOBimy Bepcito QGIS 32 6iT 3Bijcu ;

o Buxkonaiite Bcranosiennst QGIS 3 mpaBamu agMinicTparopa, mpuitMadn CTaHIAPTHI HAJIAIITYBa-
HHSI.

Tenep QGIS BcranoBIeHO.



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

e Samnycrite QGIS;
e 3 royioBHOrO MeHIO BubepiTs Plugins > Manage and Install Plugins;

Vector Raster Datsbase Web Processng Help

e and Install Plugins... -r- ) o -
g abc b abc el ‘abcl  {abel
QR LFZEN % lg 27° 5 "8 & 0 T h

Project Edit View Layer Settings | Plugins |

NEEBLR

.." Python Console

o 3 menro A1l Bubepith Semi-Automatic Classification Plugin Ta Harucuite kHonky Install plugin;

ITIOPAJA: y Bunanky BUHUKHEHHS TpOOJIeM ab0 o iaiiH-BCTAHOBIEHHS PEKOMEHIOBaA~
HO O3HAHOMUTHCH 3 Sk scmanosumu modyas epyuny? (page 232) ta Sk ecmanosumu
M00Yyab 3 ofpiuitinozo penosumopia SCP? (page 233).

‘u Search | ]

[ - i ol 0] gami- Automatic Classification Plugin B

2 RiverGIS

lied aph plgin i i

- Plugin for the to expedite the
2 Res meny processing of multispectral or hyperspectral remote sensing images, which provides a
T RT Manserver Exporter set of tools for pre processing and post processing.
24 RT Omero
- Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic
o RT Qspider supervised dlassification of remote sensing images, providing tools to expedite the creation of ROIs (training
i ruseocoder aress) throush regon growing of multiple RO! creation: The spectral sgnatures of training areas can be
- | automatically calculated and displayed in a spectral signature plot. It is possible to import spectr:
= S signatures from external sources. Also, a tool allows for the selection and download of spectral s@namms
B satsve from the USGS Spectral Library (http://speclab.cr.usgs.gov/spectral-ib.html). Several tools are available for
the pre processing phase (image ciipping, Landsat conversion to reflectance), the dassification process

. (Minimum Distance, Maximum Likelihood, Spectral Angle Mapping algorithms, and dassification previews),

i Search & format EPSG CRS Plugn and the post processing phase (conversion to vector, accuracy assessment, land cover change, dassification
5 seecwus report). This plugin requires the installation of GDAL, OGR, Numpy, SciPy and Matplotiib. Also, a virtual

. machine is avaiable http: blogspot. -os.htmi . Keywords: + IRTES TN
i eectTude % 525 STEHN ool sl e Classiicagio ds Cobertura co Solo Clasificacon de fa

L selenext Cobertura de f2 Tiemra 1dela

- i Gella Copertura del Suclo. For more information please

visit http:, //lromg\smrs.nlcgsun(.mm/
Send2GE

5 SENSUM Earth Observation rqusu ¥ 25 rating vote(s), 38811 downloads
B4 5G Diagram Downloader

; . d cover,accuracy,scatter plot,supervised
i Shapefile Encoding Foxer c\assfcatmn dos1,clip,remote ser\sma mask,analysis,| \ar\d ‘cover change
24 ShelDd. More info: homepaqe tracker code repository

i Shortcut Manager Author: Luca Congedo B
2 shptoobs =] —

= Lo [ oo |
B e

e SCP moBuHen OyTw aKTHBOBAHUII aBTOMATHYHO; THUM He MEHIIE, MTEPEKOHANTECh, MO B MEHIO
Installed akrtuBoBano Semi-Automatic Classification Plugin (mist 3aBepiieHHs BCTaHOBJIEHHS
SCP moxe 3Haji06uTHCh Tepesayck QGIS);

4 Po3gin 2. BcraHoBnenHs moayns
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[ | Plugin installed successfully: o
B tnetaled seeh

o ot nstaled S Remove emty layers from the ml 2 s i-Aut tic CI ificati Plugi a8

o e emi-Automatic Classitication Plugin ~J
x Road . . . - . . . "
i oed roph pgn Plugin for the semi-automatic supervised classification designed to expedite the
4 Ras menu processing of multispectral or hyperspectral remote sensing images, which provides a
8 RT MapServer Exporter set of tools for pre processing and post processing.
2 RT Omers.
= Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic
o AT Qspider supervised dlassification of remote sensing images, providing tools to expedite the creation of ROIs (training
¥ RuGeocader areas) through region growing or multiple ROI creation. The spectral signatures of training areas can be
s‘r Raster automatically calculated and displayed in a spectral signature plot. It is possible to import spectral
e e signatures from external sources. Also, a tool allows for the selection and download of spectral signatures

k SaTsviz from the USGS Spectral Library (http://spedab.cr.usgs.gov/spectral-lib.html). Several tools are available for
9 sopmumme: /| the pre processing phase (image clipping, Landsat conversion to reflectance), the diassification process

B search & format 2756 GRS Pugn
S SelectPhsrR

machine is availal - Keywords: HHEiE520 56
ﬁ* SelectTools % B % mmngﬁ*l a2Vl planiol waris; Classificado da Cnben:ura m: Solo C!zsmca:mn dela
S selzrext Cobertura de i3 Tierra Classiication de la Cauvsnum du Sol KIACOAPIAKALIUA 32MNLN0NL208aK

I sem-susomate classteaton o

;q, Send2GE

JT SENSUM Earth Observation Tools
4 5 Dagram Downloader

2 Shapefil Encoding Fixer

3% shelos

(Minimum Distance, Maximum Likelihood, Spectral Angle Mapping algorithms, and classification praviews),
and the post processing phase (conversion to vector, accuracy assessment, land cover change, dassification
report). This plugin requres the mnstalfation of GDAL, 0GR, Numpy, ScPy and Matplotib. Also, 3 vitual

blog:

der lella Copertura del Suolo. For more m'ormat\on please
Vot P orgetore blagenot e

T 25 rating vote(s), 38811 downloads

Category: Raster
Tags: Raster, Classification, Lang
inn_Snactr;

emote Sensing, Analysis, Landsat, Land Cover Change, Accuracy,
re Mask + Clin DOST

‘Scatter nlo

S Shortaut Manager

B

| Upgradeal |

| Uninstal plugin | Renstal plugn
)

2.1.3 HanawTtyBaHHA mMopynsi

Tenep, ko Semi-Automatic Classification Plugin Bcranosieno, mo QGIS monano Bignosimui maxesi.
Takox, merro SCP mocrymnae 3 nanesi menro QGIS. Ilanesb, 1mo n1aBae, Ta maHe b IHCTPYMEHTIB MOXKHA,
[epeMilyBaTU BiIIIOBIIHO 0 BaIMX HOTPEOD, sK 1€ MOKA3aHO HA PUCYHKY.

Project Edit View Layer Settings Plugins Vactgr Raster Database Web SCP Progessing Help
DeE> PONEE - AA OB [ o o uiw 3 mwmn: OREEMEE « ~sm s §
SCP Dock. o x
[ 2] Semi-Automatic Classification Plugin [ L
t S
(] % S i ypACI: CID: Cinfo e v illo
W | B i
2 ‘3 ! & Download products | I N —
g 2 o
£ i [ Preprocessing =
£ ; ™ % Band processing E
—E- % @ Postprocessing 1
i @ Band calc = o
i e
E E % : e Band set 1 n[ e
o = = Band name Centerwavelength  Mubiplicative F  ($]
10 [/ About ® v
=1 -
= [ user manual :
= 3 Ld £ Online hel & @,
T ne
£ xn : B -
E r— C T s L)
; MC 1D 15 MCinfo MC1 == kb
— Quick wavelength setti v Wavel unit | band numbe v
E — 12 cila | c1 Support the SCP e [P aath H—@@ v
Autosav i s
= B v e o) sanetere. [l || Create virtual ras | | Create rasterof t _ Build band overv  Band calcexpres  RUN s 4
Ready Coordinate  -0.732,-0.957 5 Scale 1:1.372.611 v g Magnifier 100% £ Rotation | 0.0° {  Render @ EPSG4326 @

2.2 BcrtaHoBneHHsa y Windows 64 O6iT

2.2.1 3aBaHTa)keHHa Ta BcTtaHoBneHHa QGIS

e 3apanTtakre HaitHOBiNLy Bepcito QGIS 64 6it 3Bijcy ;

o Buxonaiite Bcranosiennst QGIS 3 mpaBamu ajMinicTpaTopa, mpuitMaiodn CTaHIAPTHI HAJIAIITYBa-
HHS.

Tenep QGIS BcranoBIIEHO.

2.2. BcraHosnenus y Windows 64 6iT


https://www.qgis.org/en/site/forusers/download.html
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2.2.2 BcraHoBneHHs Semi-Automatic Classification Plugin

e Samnycrite QGIS;
e 3 royioBHOrO MeHIO BubepiTs Plugins > Manage and Install Plugins;

Vector Raster Datsbase Web Processng Help

e and Install Plugins... -r- ) o -
g abc b abc el ‘abcl  {abel
QR LFZEN % lg 27° 5 "8 & 0 T h

Project Edit View Layer Settings | Plugins |

NEEBLR

.." Python Console

o 3 menro A1l Bubepith Semi-Automatic Classification Plugin Ta Harucuite kHonky Install plugin;

ITIOPAJA: y Bunanky BUHUKHEHHS TpOOJIeM ab0 o iaiiH-BCTAHOBIEHHS PEKOMEHIOBaA~
HO O3HAHOMUTHCH 3 Sk scmanosumu modyas epyuny? (page 232) ta Sk ecmanosumu
M00Yyab 3 ofpiuitinozo penosumopia SCP? (page 233).

‘u Search | ]

[ - i ol 0] gami- Automatic Classification Plugin B

B rovercs
- st plgn

et - Plugin for the semi i to expedite the

94 Res menu processing of multispectral or hyperspectral remote sensing images, which provides a
3 RT MapServes Exporter set of tools for pre processing and post processing.

3 &7 Omera

- Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic
o RT Qspider supervised dassification of remote sensing images, providing tools to expedite the creation of ROIs (training
£ Ruseocoder aress) throush regon growing of multiple RO! creation: The spectral sgnatures of training areas can be
- | automatically calculated and displayed in a spectral signature plot. It is possible to import spectr:

Sionatures flom extamal sources. Alao, a £ool allows for the selection and download of spedral signatires
B satsve from the USGS Spectral Library (http://speclab.cr.usgs.gov/spectral-ib.html). Several tools are available for
the pre processing phase (image ciipping, Landsat conversion to reflectance), the dassification process

. (Minimum Distance, Maximum Likelihood, Spectral Angle Mapping algorithms, and dassification previews),

i Search & format EPSG CRS Plugn and the post processing phase (conversion to vector, accuracy assessment, land cover change, dassification
1 seleetpiisen report). This plugin requires the installation of GDAL, OGR, Numpy, SciPy and Matplotlib. Also, a virtual

. machine is available http; blogspot. -0s.htmi . Keywords: £ RARTES R M
i eectTude 528 LIRS PEITERDT ol placeil s Crassvﬁcagan  da Cobertura do Solo Clasificacén de la

2 selenext Cobertura de la Tiers 0 1deiac

- i Gella Copertura del Suclo. For more information please

visit http: //lromg\smrs.nlcgsun(.mm/

Send2GE
5 SENSUM Earth Observation rqusu ¥ 25 rating vote(s), 38811 downloads
B4 5G Diagram Downloader

S % d cover,accuracy,scatter plot,supervised
@4 Shapefii Encoding Fixer c\assfcatmn dos1,clip,remote ser\sma mask,analysis,| \ar\d cover change

24 sheloe More info: homepage ' tracker code repository

i Shortaut Manager Author: Luca Congedo a
1 shptocbs — —
3 sinpleneports < [ uparade sl instal plugn

=

e SCP moBuHen OyTw aKTHBOBAHUII aBTOMATHYHO; THUM He MEHIIE, MTEPEKOHANTECh, MO B MEHIO
Installed akrtuBoBano Semi-Automatic Classification Plugin (mist 3aBepiieHHs BCTaHOBJIEHHS
SCP moxe 3Haji06uTHCh Tepesayck QGIS);
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[ | Plugin installed successfully: o
Search |
& Remove emoty layers from the ml 2. I |
B Semi-Automatic Classification Plugin
x Road . . .
i ot Plugin for the sen designed to expedite the
i Rssmenu processing of multispectral or Ilyperspeﬂral remote sensing images, which provides a
ver of tools for pre processing and post processing.
8 RT MapServer Exporter set of tools fe d post
2 RT Omers.
4 Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic
i AT spider supervised dassification of remote sensing images, providing tools to expedite the creation of ROIs (training
S RuGeocoder areas) through region growing or multiple ROI creation. The spectral signatures of training areas can be
-l automatically calculated and displayed in a spectral signature plot. It is possible to import spectral
S one | signatures from external sources. Also, a tool allows for the selection and downioad of spectral signatures
SaTsviz from the USGS Spectral Library (http:, /liuadah cr.usgs.gov/spectral-lib.htmi). Several tools are available for
F
B sopsumer /| the pre processing phase (image clipping, Landsat conversion to reflectance), the diassification process
. {Minimum Distance, Maxmum Ukeihood, Spectral ! angle Mapping algorkhms, and dassiicaton previews),
4 search & fomat EPSG CRSPuOn || and the post processing phase (conversion £o vector, accuracy assessment, land cover change, dlassification
9 seleciPhsR report). This plugin requires the installation of GDAL, OGR, Numpy, SciPy and Matplotlib. Also, a virtual
: | machine is available blogspot.ci mi . Keywords: EHARE5320 ME
S Stecta | S TS 2 MDA o plancd s Classificagso da obercora do Sois Dissecaton aata
I selenext Cobertura de fa ﬁerra c\as:nfcaunn de Ia Couverture du Sol KNACODUKIALMA 38MNEN ONL3I0BIHUS
? der della Copertura del Suolo. For more information please
% [ om-sutomate caasteston 1 [ wsit nitpmeo L homigmsgingl s
w Send2GE
.n- SENSUM Earth Observation Tools ¥ 25 rating vote(s), 38811 downloads
4 56 Dagram Dowrioacer
-y — Category: Raster

Tags: Raster, Classification, Land Cover, Remote Sensing, Analysis, Landsat, Land Cover Change, Accuracy, B
inn_Snectral sianature Mask Scatter nlob Clin DOST

S s
2 Srortcut Manager B{gwﬁu.] ueanstal plugin | Renstal pign
v

2.2.3 HanawTtyBaHHA mMopynsi

Tenep, ko Semi-Automatic Classification Plugin Bcranosieno, mo QGIS monano Bignosimui maxesi.
Takox, merro SCP mocrymnae 3 nanesi menro QGIS. Ilanesb, 1mo n1aBae, Ta maHe b IHCTPYMEHTIB MOXKHA,
[epeMilyBaTU BiIIIOBIIHO 0 BaIMX HOTPEOD, sK 1€ MOKA3aHO HA PUCYHKY.

Project Edit View Layer Settings Plugins Vactgr Raster Database Web SCP Progessing Help

0O B w@m vﬁﬁox Dist 0,010000 £ Min 60 cuaxluncﬁ‘ru"szwc.

SCP Dock ° x

(=] Semi-Automatic Classification Plugin [ A
t @O > 2
< [ ——
E Ly colo
[»] 2 S i ypiACIC: CID: Clinfo : Color = Basic
W | B i
8 § ! & Download products
=
£ L
sl [ Preprocessing
3 - @, #» Band processing
—!— % @ Postprocessing
5 8 & Band calc
s Rz % Batch
&3 & Band set1 (| &
o . Setting Band name Conterwavelength  Mubipicative F [ #]
# : e &) >
= g [ user manual ] a
s
i s [ 42 Online help = 8
L ®*
E*E — C ; > O
; MC ID 15 MCinfo MC1 —— @@ ki
b il pr— P Quick wavelength settings ~  Wavelength unit numbe v
u co 15 Cimfa | c1 Support tha SCP | — —— ~
[Band settools g
|| Create virtual ras | | Create rasteraf} || Build band ovend || Band cale expres ms 4
Coordinate  -0.732,-0.957 5 Scale 1:1.372.611 v g Magnifier 100% £ Rotation | 0.0° {  Render @ EPSG4326 @

i 3menrennst 4acy oOpoOKU PEKOMEHIyeThea HajamryBatu gocrynny RAM. 3 Mewno SCP (page 23)

BHOEPITH x Settings > Processing .

2.2. BcraHosnenus y Windows 64 6iT 7
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SCP

@ Band set

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

@ Fostprocessing >

= Band calc

& Batch

#$ Settings > Processing
e
e

Spectral plot Interface
Scatter plot Debug
[z User manual

s} Online help

[C

[/ About
][] show plugin

Y Setlings (page 98), BcraHOBiTH 3HauenHst Available RAM (MB) Bupiui menmte 3a cucremny RAM.
Hanpukiia, sikio saia cucrema mae 2 I'6 RAM, To BcranoBiTh 3HadenHst 1024 M6.

8 Po3gin 2. BcraHoBnenHs moayns



Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

& Band set

Basic tools

Download products

Preprocessing

Band processing

Postprocessing

Band calc

2 EQ VYT &

Batch
. Settings
About

= User manual

{3} oOnline help

Support the SCP

Semi-Automatic Classification Plugin

[P

Processing

Classification process

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

SMTP process notification

[SMTP server [user

|+| remember

|v| Send email of completed process to
Available RAM (MB) 1024 §

Temporary directory

Q

Jtmp/semiautomaticclassification

(]

Interface

Debug

2.3 BcTtaHnosnenHsa B Ubuntu Linux

2.3.1 3aBanTa>keHHa Ta BcTaHoBneHHa QGIS

e Binxpuiite TepmiHas Ta HAAPYKYyiiTe:

sudo apt-get update

o Harucuite Enter Ta magpykyiiTe naposb KOpucTyBada;

e Hanpyxkyiite B Tepminadi:

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

e Harucuite Enter Ta 3adekaiite moku nporpamMue 3abe3rnedenns: Oy/ie 3aBaHTaXKEHE Ta, BCTAHOBJICHE.

Tenep QGIS BcranosseHo.

2.3. Bcranosnenns 8 Ubuntu Linux 9
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e QGIS 0066
Project Edit View Layer Settings Plugins Vector Raster Help

D8 RL

¥ 3 = i
o ;t ~ ¥

B e 1

M 55

4

N HHDBVYNS

S Coordinate: =1.193,-0.172 Scale |1.453.774 ~ | ¥ Render EPSG:4326 @ A

2.3.2 BcraHoBneHHsa Semi-Automatic Classification Plugin

e Samycrite QGIS;
e 3 rosoBHOro MeHIO Bubepith Plugins > Manage and Install Plugins;

Project Edit View Layer Settings Pluglnﬁ Vector Raster HEIp

D . =| :h:j _}} E: ¢ % Manage and Install Plugins... ;a .

P: Python Console

S-@Evf?l

o 3 menio All Bubepits Semi-Automatic Classification Plugin Ta narucuiTs kHOnKy Install plugin;

ITIOPAJA: y Bunanky BUHUKHEHHS ITPOOJIeM ab0 odJiaiiH-BCTAHOBIEHHS PEKOMEHIOBA~
HO O3HAHOMHUTHCH 3 Sk scmanosumu modyav epyuny? (page 232) ta Ak ecmanosumu
MOdyav 3 oiyitinozo penozumopis SCP? (page 233).

e o Search |

o mees izt fenitl| gami- Automatic Classification Plugin A

B Riverars

. e Road orach sl Plugin for the i to expedite the
L e 2 Rezmenu processing of multispectral or hyperspectral remote sensing images, which provides a
& Upgadeabie §
E i RT MapServer Exporter set of tools for pre processing and post processing.
RTOmero

X seoe Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic
8 RT Qspider supervised dassification of remote sensing images, providing tools to expedite the creation of ROIs (training
2 Auseocoder areas) through region growing or multiple ROl creation. The spectral signatures of training areas can be

automatically calculated and displayed in a spectral signature plot. It is possible to import spectral
signatures from external sources. Also, a tool allows for the selection and download of spectral signatures
B saTsve from the USGS Spectral Library (http://speclab.cr.usgs.gov/spectrallib.htmi). Several tools are avalable for
B sciotfurne the pre processing phase (image cipping, Landsat conversion to reflectance), the dassification process

- (Minimum Distance, Maximum Likelihood, Spectral Angle Mapping algorithms, and dassification previews),

i search & format£psG (RS Pugn || and the post processing phase (conversion to vector, accuracy assessment., land cover change, dassification

24 sample Rasters

0 SeecPusR report). This plugin requires the mslallaunn of GDAL OGR, Numpy, Sc\Py and Matplotlib. Also, a virtual
machln; is available http: s.html . Keywords: + B 5% k@
o Scecok, 5325 LR BOTERTE oyl ,m.,.\ o Clagucagio db Coberturs do Salo Clasficadion de
o selenext Cohsrturs de \a T\erra Classification de la Couverture du Sol knaccndyixauns seMnenons3o8aHna
della Copertura del Suolo. For more information please
visit http:, //fromg\s[ﬂrs blogspot.com/
@ Send2GE
24 SENSUM Earth Observation Tools U 25 rating vote(s), 38811 downloads

4 56 Diagram Downloader

Tags: raster,Jandsat,spectral signatura,dassification,land cover,accuracy,scatter plot,supervised

1 Shapefii Encading Fixer classification,dos 1 clip,remote sensing,mask,analysis,land cover change 1
24 ShelB More info: homepage tracker code repository

I Shortast Manager Author: Luca Congedo H
B shptocks & S —— - I—
¥ silereports | [ wporade Install pugn

e SCP moBuHen OyTw aKTHBOBAHUII aBTOMATHYHO; THM He MEHIIE, MTEPEKOHANWTECh, MO B MEHIO
Installed akrtuBoBano Semi-Automatic Classification Plugin (mist 3aBepiieHHsI BCTAHOBJIEHHS
SCP moxe 3Haji06uTHCh Tepesayck QGIS);
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[ | Plugin installed successfully: o
Search |
& Remove emoty layers from the ml 2. I |
B Semi-Automatic Classification Plugin
x Road . . .
i ot Plugin for the sen designed to expedite the
i Rssmenu processing of multispectral or Ilyperspeﬂral remote sensing images, which provides a
ver of tools for pre processing and post processing.
8 RT MapServer Exporter set of tools fe d post
2 RT Omers.
4 Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic
i AT spider supervised dassification of remote sensing images, providing tools to expedite the creation of ROIs (training
S RuGeocoder areas) through region growing or multiple ROI creation. The spectral signatures of training areas can be
-l automatically calculated and displayed in a spectral signature plot. It is possible to import spectral
S one | signatures from external sources. Also, a tool allows for the selection and downioad of spectral signatures
SaTsviz from the USGS Spectral Library (http:, /liuadah cr.usgs.gov/spectral-lib.htmi). Several tools are available for
F
B sopsumer /| the pre processing phase (image clipping, Landsat conversion to reflectance), the diassification process
. {Minimum Distance, Maxmum Ukeihood, Spectral ! angle Mapping algorkhms, and dassiicaton previews),
4 search & fomat EPSG CRSPuOn || and the post processing phase (conversion £o vector, accuracy assessment, land cover change, dlassification
9 seleciPhsR report). This plugin requires the installation of GDAL, OGR, Numpy, SciPy and Matplotlib. Also, a virtual
: | machine is available blogspot.ci mi . Keywords: EHARE5320 ME
S Stecta | S TS 2 MDA o plancd s Classificagso da obercora do Sois Dissecaton aata
I selenext Cobertura de fa ﬁerra c\as:nfcaunn de Ia Couverture du Sol KNACODUKIALMA 38MNEN ONL3I0BIHUS
? der della Copertura del Suolo. For more information please
% [ om-sutomate caasteston 1 [ wsit nitpmeo L homigmsgingl s
w Send2GE
.n- SENSUM Earth Observation Tools ¥ 25 rating vote(s), 38811 downloads
4 56 Dagram Dowrioacer
-y — Category: Raster

Tags: Raster, Classification, Land Cover, Remote Sensing, Analysis, Landsat, Land Cover Change, Accuracy, B
inn_Snectral sianature Mask Scatter nlob Clin DOST

S s
2 Srortcut Manager B{gwﬁu.] ueanstal plugin | Renstal pign
v

2.3.3 HanawTtyBaHHsA mMopyns

Tenep, ko Semi-Automatic Classification Plugin Bcranosieno, mo QGIS monano Bignosimui maxesi.
Takox, merro SCP mocrymnae 3 nanesi menro QGIS. Ilanesb, 1mo n1aBae, Ta maHe b IHCTPYMEHTIB MOXKHA,
[epeMilyBaTU BiIIIOBIIHO 0 BaIMX HOTPEOD, sK 1€ MOKA3aHO HA PUCYHKY.

Project Edit View Layer Settings Plugins Vactgr Raster Database Web SCP Progessing Help

0O B w@m vﬁﬁox Dist 0,010000 £ Min 60 cuaxluncﬁ‘ru"szwc.

SCP Dock ° x

(=] Semi-Automatic Classification Plugin [ A
t @O > 2
< [ ——
E Ly colo
[»] 2 S i ypiACIC: CID: Clinfo : Color = Basic
W | B i
8 § ! & Download products
=
£ L
sl [ Preprocessing
3 - @, #» Band processing
—!— % @ Postprocessing
5 8 & Band calc
s Rz % Batch
&3 & Band set1 (| &
o . Setting Band name Conterwavelength  Mubipicative F [ #]
# : e &) >
= g [ user manual ] a
s
i s [ 42 Online help = 8
L ®*
E*E — C ; > O
; MC ID 15 MCinfo MC1 —— @@ ki
b il pr— P Quick wavelength settings ~  Wavelength unit numbe v
u co 15 Cimfa | c1 Support tha SCP | — —— ~
[Band settools g
|| Create virtual ras | | Create rasteraf} || Build band ovend || Band cale expres ms 4
Coordinate  -0.732,-0.957 5 Scale 1:1.372.611 v g Magnifier 100% £ Rotation | 0.0° {  Render @ EPSG4326 @

i 3menrennst 4acy oOpoOKU PEKOMEHIyeThea HajamryBatu gocrynny RAM. 3 Mewno SCP (page 23)

BHOEPITH x Settings > Processing .

2.3. Bcranosnenns 8 Ubuntu Linux 11
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SCP

@ Band set

8

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

@ Fostprocessing >

= Band calc

% Batch

2% Settings >  Processing
i Spectral plot Interface
|#% Scatter plot Debug

[z User manual

+2; Online help
[/ About

][] show plugin

Y Setlings (page 98), BcraHOBiTH 3HauenHst Available RAM (MB) Bupiui menmte 3a cucremny RAM.
Hanpukiia, sikio saia cucrema mae 2 I'6 RAM, To BcranoBiTh 3HadenHst 1024 M6.
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Semi-Automatic Classification Plugin | & = B 8

= Band set Processing

= Basic tools

Classification process

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

[> Preprocessing SMTP process notification
: [SMTP server [user

%> Band processing

; || remember
Postprocessing b

h Band calc |+| 5end email of completed process to
& Batch

Available RAM (MB) 1024 §
P Temporary directory
About

T - QJ Jtmp/semiautomaticclassification
z|z User manual

(]

{3} oOnline help

Support the SCP

Interface

Debug

2.4 BcTtanosneHHsa B Debian Linux

2.4.1 3aBaHTa>keHHA Ta BcTaHoBneHHa QGIS

e Binxpuiite TepmiHas Ta HAAPYKYyiiTe:

sudo apt-get update

o Harucuite Enter Ta magpykyiiTe naposb KOpucTyBada;

e Hanpyxkyiite B Tepminadi:

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

e Harucuite Enter Ta 3adekaiite moku nporpamMue 3abe3rnedenns: Oy/ie 3aBaHTaXKEHE Ta, BCTAHOBJICHE.

Tenep QGIS BcranosseHo.

2.4. Bcranosnenns 8 Debian Linux 13
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=

€

aGis

Settings Plugins Vector HRaster Database Processing Help

D S S G FRID O O ; ; 2 g o4

—R3 2 @ "'2' Be V() P .}: ey Gpnpe g ~Ev (g &

o> o [Ep ey G @R Gl
o %

=
3
=

e Bl Y

<

PEDEINANS 1

5

@- Coordinate: | 0.207.-0.915 Scale [1:1547662 v ¥ EPSG:4326

2.4.2 BcraHoBneHHs Semi-Automatic Classification Plugin

e Samycrite QGIS;
e 3 rojoBHOro MeHIO Bubepits Plugins > Manage and Install Plugins;

Prnﬁect Edit  View Layer Settings E&uéins Vector Raster Database Processing Help

D . —3 _Q @ ﬁ Manage and Install Plugins... g

@ [_} il (;)‘ ﬁ EB #_ Python Console i, =l

b T e

e 3 menro All Bubepith Semi-Automatic Classification Plugin Ta Harucuite kHOnKy Install plugin;

ITIOPAJA: y Bunanky BUHUKHEHHS IPOOJeM ab0 odJiaiiH-BCTAHOBIEHHS PEKOMEHIOBA~
HO O3HAWOMWTHCE 3 Sk 6cmanosumu modyav epywny? (page 232) ta Sk scmarnosumu
MOJyav 3 ofiuitinozo penosumopia SCP? (page 233).

emave empty layers from the i~
B rvercrs
. Road graph pugn

Semi-Automatic Classification Plugin M

c Plugin for the expedite the
& rosmeny processing of multispectral or hyperspectral remote sensing Images, which provides a
4 RT Mapserver Exporter set of tools for pre processing and post processing.
24 RT Omero
= Written by Luca Congado, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic
o RT Qspider supervised dlassification of remote sensing images, providing toals to expedite the creation of ROIs (training
24 RuGeocoder araas) through region growing or multiple ROI creation. The spectral signatures of training areas can be
B Sample Rasters automatically calculated and displayed in a spectral signature plot. It is possible to import spectral
= . signatures from external sources. Also, a tool allows for the selection and download of spectral signatures
B satsve from the USGS Spectral Library (http://speciab.cr.usgs.gov/spectral-ib.htmi). Several tools are available for
B scpturer the pre processing phase (mage cipping, Landsat conversion to reflectance), the dassification process
i (Minimum Distance, Maximum Likelihood, Spectral Angle Mapping algorthms, and dlassification previews),
i search s format 256 RS Mugn || and the post processing phase (conversion to vector, accuracy assessment, land cover change, dassification
F seecousm report). Mis plugin requires the natalaton of CDAL, OGR, Numpy, Sy and Matpltib. Als, 3 vitusl
‘ machine is available http; s.html . Keywords: £ #8530 Bl
1 sesctiods HPEE L BEHER oLy TR crassvﬁcagan da Cobertura do Solo Clasificacion de la
S selenext Cobertura de la Tiens de la C .

g della Copertura del Suclo. For more information please

Vst hitp:] fromoistors blogspot.com/

ég Send2GE
B sESM Earth Cbservaton r“gu 25 rating vote(s), 38811 downloads

4 56 Diagram Donnloader

B g P Tags: raster,landsat spectral signature classification,land cover,accuracy,scatter plot,supervised

diassification dos1,ciip,remote sensing,mask,analysis,and cover change
More info: homepage tracker code repository

Author: Luca Congedo

| | upgrade ol

o SCP mnoBuHen OyTw aKTUBOBAHUII aBTOMATHYHO; THM He MEHIIE, T€PEKOHANWTECh, MO B MEHIO
Installed akrusoBano Semi-Automatic Classification Plugin (mys 3aBepineHHs BCTAHOBJICHHS
SCP moxe 3Haji06uTHCh Tepesanyck QGIS);
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[ | Plugin installed successfully: o
Search |
& Remove emoty layers from the ml 2. I |
B Semi-Automatic Classification Plugin
x Road . . .
i ot Plugin for the sen designed to expedite the
i Rssmenu processing of multispectral or Ilyperspeﬂral remote sensing images, which provides a
ver of tools for pre processing and post processing.
8 RT MapServer Exporter set of tools fe d post
2 RT Omers.
4 Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic
i AT spider supervised dassification of remote sensing images, providing tools to expedite the creation of ROIs (training
S RuGeocoder areas) through region growing or multiple ROI creation. The spectral signatures of training areas can be
-l automatically calculated and displayed in a spectral signature plot. It is possible to import spectral
S one | signatures from external sources. Also, a tool allows for the selection and downioad of spectral signatures
SaTsviz from the USGS Spectral Library (http:, /liuadah cr.usgs.gov/spectral-lib.htmi). Several tools are available for
F
B sopsumer /| the pre processing phase (image clipping, Landsat conversion to reflectance), the diassification process
. {Minimum Distance, Maxmum Ukeihood, Spectral ! angle Mapping algorkhms, and dassiicaton previews),
4 search & fomat EPSG CRSPuOn || and the post processing phase (conversion £o vector, accuracy assessment, land cover change, dlassification
9 seleciPhsR report). This plugin requires the installation of GDAL, OGR, Numpy, SciPy and Matplotlib. Also, a virtual
: | machine is available blogspot.ci mi . Keywords: EHARE5320 ME
S Stecta | S TS 2 MDA o plancd s Classificagso da obercora do Sois Dissecaton aata
I selenext Cobertura de fa ﬁerra c\as:nfcaunn de Ia Couverture du Sol KNACODUKIALMA 38MNEN ONL3I0BIHUS
? der della Copertura del Suolo. For more information please
% [ om-sutomate caasteston 1 [ wsit nitpmeo L homigmsgingl s
w Send2GE
.n- SENSUM Earth Observation Tools ¥ 25 rating vote(s), 38811 downloads
4 56 Dagram Dowrioacer
-y — Category: Raster

Tags: Raster, Classification, Land Cover, Remote Sensing, Analysis, Landsat, Land Cover Change, Accuracy, B
inn_Snectral sianature Mask Scatter nlob Clin DOST

S s
2 Srortcut Manager B{gwﬁu.] ueanstal plugin | Renstal pign
v

2.4.3 HanawTtyBaHHA mMopynsi

Tenep, ko Semi-Automatic Classification Plugin Bcranosieno, mo QGIS monano Bignosimui maxesi.
Takox, merro SCP mocrymnae 3 nanesi menro QGIS. Ilanesb, 1mo n1aBae, Ta maHe b IHCTPYMEHTIB MOXKHA,
[epeMilyBaTU BiIIIOBIIHO 0 BaIMX HOTPEOD, sK 1€ MOKA3aHO HA PUCYHKY.

Project Edit View Layer Settings Plugins Vactgr Raster Database Web SCP Progessing Help

0O B w@m vﬁﬁox Dist 0,010000 £ Min 60 cuaxluncﬁ‘ru"szwc.

SCP Dock ° x

(=] Semi-Automatic Classification Plugin [ A
t @O > 2
< [ ——
E Ly colo
[»] 2 S i ypiACIC: CID: Clinfo : Color = Basic
W | B i
8 § ! & Download products
=
£ L
sl [ Preprocessing
3 - @, #» Band processing
—!— % @ Postprocessing
5 8 & Band calc
s Rz % Batch
&3 & Band set1 (| &
o . Setting Band name Conterwavelength  Mubipicative F [ #]
# : e &) >
= g [ user manual ] a
s
i s [ 42 Online help = 8
L ®*
E*E — C ; > O
; MC ID 15 MCinfo MC1 —— @@ ki
b il pr— P Quick wavelength settings ~  Wavelength unit numbe v
u co 15 Cimfa | c1 Support tha SCP | — —— ~
[Band settools g
|| Create virtual ras | | Create rasteraf} || Build band ovend || Band cale expres ms 4
Coordinate  -0.732,-0.957 5 Scale 1:1.372.611 v g Magnifier 100% £ Rotation | 0.0° {  Render @ EPSG4326 @

i 3menrennst 4acy oOpoOKU PEKOMEHIyeThea HajamryBatu gocrynny RAM. 3 Mewno SCP (page 23)

BHOEPITH x Settings > Processing .
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SCP

@ Band set

8

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

@ Fostprocessing >

= Band calc

% Batch

2% Settings >  Processing
i Spectral plot Interface
|#% Scatter plot Debug

[z User manual

+2; Online help
[/ About

][] show plugin

Y Setlings (page 98), BcraHOBiTH 3HauenHst Available RAM (MB) Bupiui menmte 3a cucremny RAM.
Hanpukiia, sikio saia cucrema mae 2 I'6 RAM, To BcranoBiTh 3HadenHst 1024 M6.
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Semi-Automatic Classification Plugin R TP =) 8 5§

# Band set Processing

= Basic tools

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

[> Preprocessing process notification
[SMTP server [user [p ord

%> Band processing

|+| remember

e Postprocessing

|v| Send email of completed process to

Available RAM (MB) 1024 3|

& Band calc

% Batch

Temporary directory

Q

[/ About

(]

T Jtmp/semiautomaticclassification
z|z User manual

{3} oOnline help

Support the SCP
Interface

Debhg

2.5 Bctanosnenns B8 OC Mac

2.5.1 3aBanTa>keHHa Ta BcTaHoBneHHa QGIS

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

Tenep QGIS BcranoBIEHO.

=) QGIs e0oe
Project Edit View Layer Settings Plugins Vector Raster Help

DeBRORIPMELL L RPLALR-AE - -t EEa-0 32 F--AW
BoRALxS H-"MaeRqg -

Layers 2 ®

LN EHBOINANRS D

® Coordinate: -1.193,-0.172 Scale [1.453.774 v | ¥ Render EPSG:4326 @ *}\|

2.5.2 BcraHoBneHHsa Semi-Automatic Classification Plugin

e Samycrite QGIS;

2.5. Bcranosnenns 8 OC Mac 17
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e 3 rojoBHOro MeHIO Bubepith Plugins > Manage and Install Plugins;

Project Edit View Layer Settings Pluglns Vector Raster Help

D . —'_j m % Manage and Install Hugms :a :

': Python Console

L& EE=-

e 3 menro All Bubepits Semi-Automatic Classification Plugin Ta Harncuits kHOnKy Install plugin;

ITOPAJA: y BunaJiKy BUHUKHEHHS IIPpo0jIeM ab0 odJiaiiH-BCTaHOBIEHHS] PEKOMEHI0Ba~
HO O3HaMOMUTHCH 3 Ik 6cmanosumu modyav epywny? (page 232) ta Sk ecmarnosumu
MOJYAv 3 ofiuitinozo penosumopia SCP? (page 233).

‘u Search |

4 Remove empty ayers from the ml*
A RiverGIS

Semi-Automatic Classification Plugin M

- Road graph pugn Plugin for the semi to expedite the

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

& RT Omero

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

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

automatically caleulated and displayed in a spectral signature plot. It is possible te impert spectral

signatures from external sources. Also, a tool allows for the selection and download of spectral signatures
P sasve from the USGS Spectral Library (http://spaciab.cr.usgs.gov/spectral-ib.htmi). Several tools are svallable for
2 serourrer the pre processing phase (mage ciipping, Landsat conversion to reflactance), the dassification process

= (Minimum Distance, Maximum Likelihaod, Spactral Angle Mapping algarithms, and dassification previews),

i Search & format EPSG CRS Plugn and the post processing phase (canver’sncn o vector, accuracy assessment, land cover change, dassification

1 Sample Rasters

5 selectrlusrR repart). This plugin requires the installation of GDAL, OGR, Numpy, SciPy and Matplotlib. Also, a virtual
machine is available httu Whtml . Keywords: +#REA%0 BE
A > ecrioh 5% THRES 2 IRTEH bVl slarias! e Classificagio da Cobertura do Solo Clasificaion de la
3 sclerext Cobertura de la nerra Classification de la Couverture du Sol knacon buxaws sennenons3osasna
: della Copertura del Suclo. For more information please
visit http: //fmmg\stnrs blogspot.com/
Wi Send2GE
50 SENSUM Earth Observation Tools U 25 rating vote(s), 38811 downloads

4 SG Disgram Downdoader

Tags: raster,Jandsat,spectral signature classification,land cover,accuracy,scatter plot,supervised

i shapefle Encnding Fuer diassification dos1.ciip,remote sensing,mask,analysis,land cover change i
4 sheios. More info: homepage tracker code repository

B o e Author: Luca Congedo H
94 shptoobs a — S — =
2o SmpleReports ~ | | Upgrade al Install plugn

e SCP noBuHeH OyTH aKTHBOBaHMII ABTOMATHYHO; THM HE MEHIe, II€PEKOHANTECH, IO B MEHIO
Installed akrupoBano Semi-Automatic Classification Plugin (mys 3aBepineHHsi BCTAHOBJICHHSI
SCP moxe 3nagoburuch nepesanyck QGIS);

‘ Al 0 Plugin installed successfully: [x]
=,
E 1 tnstalled Search
B Notinstalled T8 Remove enpty layers from the ml=) . . v - = & =
; s Semi-Automatic Classification Plugin o
2% Upgadesble
2 = i el pah Plugin for the semi-automatic supervised classification designed to expedite the 1
£ s ¥ Resmeru processing of multispectral or hyperspectral remote sensing images, which providesa |
2 RT apserver Exporter set of tools for pre processing and post processing. |
2% rT Omeno
Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic _ 1
3 o, supervised dassification of remote sensing images, providing tools to expedite the creation of ROIs (training
9% RuGeocoder araas) through region growing or multiple ROI creation. The spectral signatures of traning areas can be
4 Serole Raster automatically calculated and displayed in a spectral signature plot. It is possible to import spectral |
- e signatures from external sources, Also, 3 tool allows for the selection and download of spectral signatures |
0 satsviz from the USGS Spectral Library (http:, /Isoedab Cr.USQS. gavfsnecuel Hib.html). several tools are available for
% sopirimme the pre processing phase (image cipping, Land: |
. (Mimimum Distance, Maximum Liefhood, Spectral Angle Mapping aigorkhms, and classiication previews), |
a4 Search & format EPSGCRSPugn. | and the post processing phase (conversion ta vector, accuracy assessment, land cover change, dassification |
3 seecrinrn report). This plugn requires the nstallation of GDAL OGR, Numpy, ScPy and Matplotib. Also, 3 vrtus) |
8 machine is available blogspot.c ic-0s.htmi . Keywords: ‘8510 4 i
B v og 355 LIPS 2 BERTASER oot alani s Classiicagho da Cabertura do Solo Clashicacion de ia
i selerext Cobertura de a Tierra Classiication de Ia Courerture du Sol knacovbricauina sernenonesosarna |
der e della Copertura del Suolo. For more information please |
x
I semutomane clsstcaton [} visit hitp v e |
P send2ce ‘
24 SENSUMEarth Observation Tools r 25 rating vote(s), 38811 downloads i
1 SG Diagram Downloader
- : Category: Raster B |
P hapefle ncading Hioe Tags: Raster, Classification, Land Cover, Remote Sensing, Analysis, Landsat, Land Cover Change, Accuracy, a
# sres Sunervised ciassification_Snarteal siananire Mask Scatter niat Clin DOST
- o)

Upgrade al | Uninstal plagin | Renstalpgn |
]

L

In case of missing dependencies, you could get error messages such as the following example with
matplotlib:

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

ModuleNotFoundError: Mo module named ‘matplotlib’

Traceback (most recent call lost):
File “/Applicotions/QGIS3.6.app/Contents Macls/ . . /Resources/python/ggis/utils.py", lime 335, in startPlugin
plugins[packageNome] = package.classFactory(iface)

To install matplotlib type in a terminal:

sudo pip3 install matplotlib

and repeat this step for other missing dependencies.

2.5.3 HanawTtyBaHHa mopyns

Tenep, komu Semi-Automatic Classification Plugin Bcranosieno, no QGIS monano Bianmosigui mamesi.
Takox, mento SCP nocrymre 3 nanesi mento QGIS. Ilamesn, mo miaBae, Ta maHe b IHCTPYMEHTIB MOXKHA
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repeMilyBaTi BiJIIOBIIHO 70 BaImMUX HOTPEOD, fAK Iie IOKA3aHO Ha PUCYHKY.

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

| B @Q vﬁﬁpm‘ Dist 0010000 3 Min 60 Cnml'uac@'(u"'szwﬂ.

SCP Dock e x
- w Semi-Automatic Classification Plugin M E,\
@ 2 = 2_2
[+ % 5 yp 4CIC CID- Cinfo - Color i Tt s
|t
2 *3 ! & Download products B
E § tb‘ [~ Preprocessing 7 =
: 2 Ls
E M % Band procassing B
'!' 8 @ Postprocessing s
i I & Band calc —_— Rrj]
=g R
05 % Batch : el
il &/ o Bandsetl @ © @
m gl Bare v Conter wavelength  Multiphcative £ (§]
[7 About -
2 S o x
- [ User manual :
= & a,
+ 3 Q‘.‘ 45} online help @ 5
= J
| & i C T e L e
‘s MC D 1% MCinfo MC1 S kik
— jek wavelength setti v it | band numbe v
i ciD 1 5 [EhiE c 1 Qulck wevelengs m—mwunl_mlm o~
[Bandsetiools
B Y <) sratira. |_| Create virtual ras |_| Createrasteraft _ Buid band oveny | Band calcpres | RUN & ' 4
G5
Ready coordinate.  -0.732,.0957 |85 Scale 1:1372611 v g Magnifier 100% | Rotation |00° o v Render @ EPSGUIN @

st 3MeHIIeHHsT 9acy 00pOOKN PEKOMeHIyeThes Hasamrysarn goctynny RAM. 3 Menio SCP (page 23)

BuOEPiTH x Settings > Processing .
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SCP

@ Band set

8

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

@ Fostprocessing >

= Band calc

% Batch

2% Settings >  Processing
i Spectral plot Interface
|#% Scatter plot Debug

[z User manual

+2; Online help
[/ About

][] show plugin

Y Setlings (page 98), BcraHOBiTH 3HauenHst Available RAM (MB) Bupiui menmte 3a cucremny RAM.
Hanpukiia, sikio saia cucrema mae 2 I'6 RAM, To BcranoBiTh 3HadenHst 1024 M6.
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@ Semi-Automatic Classification Plugin

#f Band set

Processing

= Basic tools

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

[> Preprocessing

SMTP server user |
%> Band processing = : l_ l_r =

| |v| remember
@ Postprocessing L4

+| Send email of complets rocess to
& Band calc \v) Send email of completed p

% Batch ——
Available RAM (MB) | 1024 § |

Temporary directory

[/ About

Jtmp/semiautomaticclassification

Q

(]

[z User manual

{3} oOnline help

Support the SCP
Interface

Debug
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Po3zain 3

lHTepdperic SCP

Tarepdeitic SCP ckmagaeThes 3 AeKUIHBKOX YaCTUH, SIKi JOKJIAIHO OIMMCAHO HUKIE.

3.1 Menwo SCP

Menio SCP 3abesnedye nocryn o ocuoBuux yuKIiiit Main Interface Window (page 39), I'padix cne-
kmpaavrux cuznamyp (page 102) ta Ipagdix posciey (page 107).

° g Band set (page 41);

) & Download products (page 54);
nm

o 2 Busic tools (page 44);
- |

. Preprocessing (page 58);
-

° Postprocessing (page 79);

. ﬁ Band calc (page 91);

) % Tpagpir cnexmpanvhux cuenamyp (page 102);
2

o L Ipagpix poscisy (page 107);

. 3 Batch (page 95);

. x Settings (page 98);

Hocibnux Kopucmyeaya: BITKPUBAE OHJIANH-TTOCIOHUK KOPUCTYBada y BeO-Tieperyisiaadi;

23



Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

SCP
g# Band set
. Basic tools >

% Download products

Preprocessing >

se

Band processing >
Postprocessing >
Band calc

Batch

Settings >

Spectral plot

TN ReeEavV

Scatter plot

= User manual

1
L]

(O

Online help
[/ About

[1]] Show plugin

Fig. 1: Mewo SCP
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)
L
o Y Oniine help: open the Online help in a web browser; also, a Facebook group is available for
sharing information and asking for help about SCP;

° |:|] |]:| Hoxazamu modyav: okaszaTu Bci iHcTpymenTtu Ta manesi SCP, skimo Bonu Gysn npuxoBami;

3.2 NManenb SCP

ITaneav SCP 3abesneuye creopenrs ROI (Big anrsn. Regions Of Interest - obaacti inTepecy), criekTpassb-
HUX CHTHATYp Ta Kiacudbikanito Band set (page 41). Brodosi nasuanvri dani (page 26), crBopeHi 3
SCP, 3bepirators noiiroan ROI Ta crnekTpaibHi CUTHATYPH, IO BUKOPUCTOBYIOTHCST JIJIsT KJracuikarmil
3eMesibHUX MOKPUBIiB (muB. Tutorial 1: Your First Land Cover Classification (page 147)).

ROI e mostironu, 1Mo BUKOPUCTOBYIOTHCS JIJIsI BASHAYEHHS CIIEKTPAJIHHIX XapPaKTEePUCTUK KJIaCiB 3eMeTh-
HOrO 1MOKpuBy. CIIeKTpaJibHI CUTHATYPH KJIACIB po3paxoByoThcst 3a ROI abo MoxkyTh OyTH iMIIOpTOBaHI
3 iHmux jekepest (aus. Import signatures (page 48)). Bapro 3as3nadnTu, 1mo Kiacudikaris 3aB2K /¥ IPyH-
TYETHCA HA CHEKTPAJBHUX CUTHATYPAX.

SCP 3abe3nedye CTBOPEHHST MUMUGCOBUT NoAizonie ROI 3 BUKOPUCTAHHSIM AJTOPUTMY HAPOIILYBAHHS
obuiacTi abo pyUHOrO OKPECJIOBAHHS 3a JOIOMOrOI0 iHCTpyMeHTiB Poboua naneas (page 36). Tumuacosi
noaizonu ROI MoxyTh 6yTH 36epexkeni 10 Brodosi nasuasvhi dani (page 26) pasoM 3 CHEKTPATbHAMI
curnarypamu ROL.

Bxodosi nasuanvri dani (page 26) cKIAIAIOTHCA 3 BEKTOPHOI yacTunu (To0TO Ieiindaitiny) ta Hesa-
JIEYKHOT YACTUHU CIEKTPAJIBHUX CUTHATYP. ATpuOyTHBHA TaO/IHIsT BEKTOPHOI YACTUHH MICTHUTH YOTHUPH
I0JIst, SIK B TAOJIHIN HUXKYE.

Ioasn 6x0006UT HABUANOHUL dAHUL

XapakTepucrtuka Im'st nonst | Tun nons
Vuikanpuuii ientudikarop makporsacy | MC ID 1ije
XapakTepucTuka MaKpPOKJIACY MC _info | Tekct
VHikaJIbHUI 11eHTU(IKATOD KJIacy C_ID Tije
XapakTepucTuka Kiacy C_info TEKCT

B SCP knacu 3emessroro nokpusy (ta ROI) Busnauatorses cucremono Kaacie (ID waacy) ta Makpo-
xaacie (ID maxpoxaacy) (mus. Kaacu ma makporaacu (page 125)), sKi BUKOPHCTOBYIOTBCS B IIPOIEC
kiaacudikanii; koxuuil ID wmakpokaacy cuiBBigHocurbes 3 Xapaxmepucmuka makpoxaacy (Tod6To im'st
MaKpoKJacy) Ta koxkuuit ID xaacy cuisinHocuThes 3 Xapaxmepucmuka xaacy (TobTo iM’st Kiacy), aje
Tiaeku ID maxpoxaacy ta ID xaacy BUKOPUCTOBYIOTHCS B IpOIECi Kjacudikarrii.

Bukopucranast ID maxpoxaacy abo ID xaacy nps mpoBeneHHsT Kiacudikarlil BU3HAYAETbCS BUOOPOM
Buxopucmosysamu MC ID a6o C ID wua sruanui Aszopumam (page 35). Bapro 3asmauuTu, mo upu
Bukopuctanui ID maxpoxaacy BCi CIIEKTpabHI CUTHATYPH OIHIOIOTHCS MMOOKPEMO Ta KOXKEH ITKCEeIb
BisHOCHUTBCs 110 Bignosinaoro MC ID (Tobro KoMGiHYyBaHHS CUIHATYD Iiepe]] Kiacudikalieo BicyTHE).

Kuacudikaiis moxe GyTu npoBejieHa sk Jjisi BChoro 300pazkenns ( Anzopumm (page 35) ) tak i mjs
fforo wacrunm 3i crBopenuam [lonepedniti nepezasd pesyavmamis rkaacudirauii (page 38).

Haneav SCP MicTUTh HACTYTIHI BKJIAJIKU:

o Jlomawns (page 26)
— Hosunu SCP (page 26)

e Brodosi nasuanvii dani (page 26)

— Ilepenir cuenamyp ROI (page 29)
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— Maxpoxaacu (page 30)

— Ilapamempu ROI (page 32)
e Kaacugirauis (page 32)

— Auneopumm (page 35)

— Kaacugirayis cuenamyp semenvrozo nokpusy (page 35)

— Pesyavmam xaacudirauii (page 36)

JliBa cropona Ilanesi SCP MicTUTb KHOIIKH JIOCTYILY 10 OCHOBHUX (yHKIi SCP.

3.2.1 [JdomawHs

Bkuanka Jlomawirs MicTATB KHONIKY JOCTYITYy 10 ocHOBHUX dyHKI SCP:

&

. i Band set (page 41);
nm

o B2 Busic tools (page 44);

. k Download products (page 54);
° [-P Preprocessing (page 58);
. B Band processing (page 74);

-
. . Postprocessing (page 79);
. ﬁ Band cale (page 91);

. -g Batch (page 95);

Hosunn SCP

IIs cexmis Bimobparkae HoBuau ipo SCP ta mos’s3aHi cepBicu. HoBrHM 3aBaHTaXKyIOTHCS 11T 9aC 3aIyCKY
(neobximne Inrepuer-3’eaunanus). g MoxkimBicTb MOXKe OyTH yBiMKHEHA a00 BUMKHEHA B HAJIAIITYBAH-
uax Dock (page 101).

Bona takoxx MicTUTh HACTYITHI KHOIIKU:
o [locibrnux xopucmysaua: BIIKPUTH MOCHIAHHS Ha MMOCIOHUK KOPUCTYBada;
e [locmasumu numanna: BIAKPUTH TOCUJIAHHS HA OHJIAITH-TOBIIKY;

o [liompumamu SCP: Binkputu nocujianis Ha migrpuMmky SCP ;

3.2.2 Bxopgosi HaB4anbHi gaHi

Ieit incTpymenT 3abe3medye cTBopents (hailly BXOJAOBUX HABYAJIBHUX JAaHUX (.SCP ), HEOOXIMHOrO JjIst
36epexxentrs ROI ta crekrpanbanx curHaryp. @aitsn BXoa0BUX HABYAJBHUX MAHUX CTBOPIOETHCS Y Bill-
MOBITHOCT] 3 XapaKTePUCTUKAMU AKMUBH020 HAOOPY KaHnais, BusHadeHoro y ref:band_ set tab. Hoswmii
dailsl BXOIOBAX HaBYAJIBHUX JAHUX IIOBUHEH OyTH CTBODEHWIT JJjis KOXKHOIO Habopy KaHA.AL8, 338 BUHSI-
TKOM THX BUIIAJIKIB, KOJIM HGOOPU KGHAAIE MAIOTh 1IEHTHYHI CIIEKTPaJIbHI XapaKTEPUCTUKU Ta CHCTEMU
KOODJIMHAT.
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SCP Dock
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Fig. 2: Jlomawmns
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Fig. 3: Bxodogi naswanvii dari
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° ': BijikpuTH Bxo0BUil HaBuyasbHUil (aitir; ROI Ta criekTpabHi CUTHATYPY 3aBaHTAXKYOThCS J10
Iepenir cuenamyp ROI (page 29); BeKTOpHa 9aCTHHA BXOJOBUX HABYAJLHUX JAHUX 3aBAHTANKYE-

thes 10 QGIS;

. I:i: CTBODPUTH IyCTH BXOI0BUi HaBIaNbHUH (aila (. Scp); BEKTOPHA YaCTHHA BXOJIOBUX HABIAJIb-
HUX JaHuX 3aBaHTaxkyeTbes 10 QGIS; min uac 30eperkeHHsI BXOJOBUX HABYAJBHUX JIAHUX TAKOXK
CTBOPIOETHCsI pe3epsHuit daitn (daitn .scp.backup B ToMy camMoMy Karasosi, mo i daiin .scp);

-

e Bxodosi nasuarvhi dari : BiZjoOparkae MuIsix /10 BXOJIOBOTO HABYAJIHLHOTO (Daiiiry;

BxosioBi HaBuasbHi jaHi Bigoopakaorees y QGIS sk BekropHuit daitir. ROI Ta criekrpasbhi curHaTypu
Bifobpaxkatorbest y Ilepenir cuenamyp ROI (page 29). Makpokaacuu BU3HAUaIOTHCs Ha Makpokaacu

(page 30).

Mepenik curnatyp ROI

Bxuagka Ilepenix cuenamyp ROI Bimobpaskae nojiironn ROI Ta criekTpajibHi CUMHATYPH, IO MICTSIThCS
y daiii BXOJOBUX HaBUYAJBHUX HaHUX. Km0 esemeHt - 1e mosirod ROI, aBidui kiamHiTh Ha HBOMY,
o6 HabsmauTuch 110 1miel ROI va kapri. Emementu B Tabuii MOXKyTh OyTH BUILIEH] KJIAIAHHSIM JIIBOIO
KHOITKOIO MUIIIKH.

Buminu B Iepeniry cuenamyp ROI 3actocoBytorbest 1o daiiny Brodosi nasuanvii dani (page 26) suiie
iy vac 30epexkennst npoexkty QGIS. B miit tabiauni ROI moxyrs 6yTu BijpejaroBani, Bujajesi abo
00’eHaHi.

ROI ta crekrpajbHi cUrHATYPU MOXKYTh OyTH iMioproBani 3 immwmx jexepes (muB. Import signatures
(page 48)) Ta ekcrioproBani (aus. Erport signatures (page 50)).

SACTEPE2KEHHS: 3 meroro yHUKHEHHsI BTPATU JAHUX, HE pejaryiite BeKTop Bxodosi
Hasuaavni dani incrpymentamu QGIS. 3acrocosyitre smire incrpymentun SCP jyist yupasiti-
HHST Br0006UMYU HABYANDHUMUY OGHUMU.

— S: mepemukad BubOpy; TIIBKH CHEKTPAJIbHI, [0 CUTHATYPH MO3HAYEHI B IbOMY IEPETiKY,
Oy/lyTh BUKOPHUCTAHI B Tporieci Kiacudikariii;

— Type: Tun ejgemMeHTa:
* R = rinmpku momiron ROI;
* S = TUIbKK ClIEKTpAJIbHA CUTHATYPA,;
x B = obuasi, ROI Ta crnekrpajibHa cUrHATYpPa;

— MC ID: yuikanbauil inenrudikarop makpokiacy ROI [uirne]; peparyerbest ouHApHIM
kiananaam; MC Info sinobpaxaerbea y Maxporaacu (page 30); axmo ID cnekrpasibrol
curnarypu fopisuioe 0, To/i mKcesi, o HaJeXaTh 0 Hel, 03HAYAIOTHCs AK HeKJsacudi-
KOBaHi;

— C ID: yuikanbuuii inenrudikarop kiaacy ROI [uisne]; penaryersest oMHAPHUM KIIATAHHSIM;
— C Info: xapakrepucruka xiacy ROI [rekcr|; pegaryernes ofuHapHUM KIIAIAHHSIM;

— Kouaip: konip C ID; aBiui kyansite Jyis BUGOPY KOJILOPY KJIACY, sIKHit Oy/ie 3aCTOCOBAHMIA
npu BimoOpakenni Kjacudikarii; gkio 1D cmekTpasbHol curHatypu jopisaioe 0, Tomi
miKceJTi, 0 HAJIEXKATH JI0 1€l CUTHAYPY [TO3HAYAIOTHCS SIK HEKJIACH(DIKOBaHI;

. ﬁ: ob’eHaTn BuieHi criekTpasibai curHarypu abo ROI 3 orpuManHsM HOBOI CHTHATYDH, IO
PO3PAXOBYETBHCs K CEPEIHE 3HAUEHD CHUIHATYPH Ul KOKHOI'O KaHay (3 BUKJIIOYEHHSIM MATDUILL
KoBapiari);

3.2. Nanenb SCP 29
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i
. [.\5 PO3paxyBaTu CreKTpaJibHi curnarypu suaiernx ROI 3 BUKOpUCTAHHSIM aKMUuSH020 Habopy
xananie Ha Band set (page 41);

. ﬁ: sugasntu Buiiaeri ROI ta curuarypun;

%: BinoGpasuTu cnekrpanbHy curHarypy ROI wa I'pagix cnexmpasvnux cuenamyp (page 102);
CIIEKTPAJIbHI CUTHATYPU PO3PAXOBYIOThCsI Ha ocHOBI Band set (page 41);

i@

¥

. ' : BiakpuTu BRIaIKy Frport signatures (page 50);

: Biakpuru 'padiix poscisy (page 107);

: Blakpuru BrIaAKy Import signatures (page 48);

ROI Signature list ne nonosuenHst 10 Poooua naneawv (page 36), mo gossossie 36epiraru ROI 1o Brodosi
nacuanvni dani (page 26) 3 BU3HAUYEHHSIM KJaciB Ta MakpokjaciB. Band set (page 41) mosunHa GyTn
BusHaveHa ;10 crBopennst ROI ta momirorn ROI maroTh 3HaXOIUTHCH BCEpEIWHI TEPUTOPIl OXOILIEHHS
Band set.

- - -
e MCID '~ : yuikasbauil inenrudikarop makpokaacy ROI [uine]; Bigmosigna MC Info 6ymne
3aBaHTaXKeHa, sIKIIO BOHA BxKe BusHadeHa y Maxpokaacu (page 30);

1 @
e MC Info! T : xapakTepructuka Makpokiacy ROI [rekcr]; cTuib Ta xapakTepucTuKa Makpo-
KJacip BusHavatoThes y Makporaacu (page 30);

- - -
o CID ' v : yHikasbHEH inerTudikaro kiaacy ROI [minel;

1 @
o CInfol T : xapakrepucruka kjiacy ROI [rekcr];

[

o 2 supasmrn ocrammio 36epeskerry ROI 3 Brodosi nasuanvii dari (page 26);

o = Autosave : K110 napamerp yBiMkHeHOo, To ROI Signature list aBroMaTu4IHO 30€piraeThbes
10 Brodosi nasuanvni dani (page 26) KoxHOrO pasy, Kosm 36epiraerses ROT;

) Ly Calculate sig. ¢ : SIKITIO TIapaMeTp yBIMKHeHO, To i gac 306epexxenns ROI Oye pospaxoBano
il cnekrpajibHy curHarypy (Ha ocHOBI 3HaveHb mikceyniB Band set (page 41), 10 OXOLJIIOIOTHCS
nosironom ROI) ta 36epexeno o Brodosi nasuanvii dani (page 26) (4ac po3paxyHKy 3aJI€2KUTh
Biz KizbKocTi kKaHATIB active band set y Band set (page 41));

) %z 36epertu tumuacoBy ROI no Brodosi nasuanrvii dani (page 26), 3aCTOCOBYIOUN BU3HAUEH]
kiacu ta Makpokiacu; ROI ynaounioerbea B Iepeair cuenamyp ROI (page 29);

Makpoknacu

Macroclasses 3abe3neuyors BusHaueHHs: Ha3B Ta KOJIbOPIB MAaKpOKJIACIB (BUKOPUCTOBYIOThCS JIJIsT
Bigobpaxkenns pesyabraris [lonepednit nepeeasnd pesyasvmamis kaacudirayii (page 38) ta Ascopumm
(page 35)). Bignosiguo no Anzopumm (page 35), knacudikariil, 1o BUKOHYIOTbCA Ha migcrasl C' ID, ma-
I0Thb KOJIbOPH, BU3HAUeH] jiyist Kiacis B [lepenir cuznamyp ROI (page 29); kiaacudikariii, o BUKOHYIOTHCS
na migcrasi MC ID, mators Kosibopu, BusHadeHi y classification style.
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MC ID aBroMaTU4HO JOIAIOTHCA 1O Iiel Tabsnii, kou HoBa ROI 36epiraerbes mo [lepenix cuenamyp
ROI (page 29) (sxmo MC ID Bxe He momaHo 70 nepeiniky). Hajamrysanus 36epiratorbes B Brodosi
nasuanvni dani (page 26).

o —=x Maxpoxaacu

— MC ID: yuikanbauit inenTudikaTop Makpokaacy [mise|; peraryerbes oquHAPHIM KJIAIA-
HHSIM;

— MC Info: xapaKTepucTHKa MAKPOKJIACY [TEKCT|; PEJIAryeThCsl OJMHAPHIM KJIAIAHHSIM;

— Kounip: xonip MC ID; aBiui kjanuiTe, mod BubOpaTu KOJIp JJIsi MAKPOKJIACY, KU Oyze
BUKOPHCTOBYBATHCH JIJIsT BiIOOpaXKeHHS PE3y/IbTATIB Kiaacudikariii;

: IOAATU HOBUI PSIIOK JI0 TaOJINII];

° ! BUJAQJIUTH BUJILJIEH] PSIIKA 3 TaOJINIIi;

Mapametpu ROI

Hapamempu ROI 3pyuni mjis BimoOparkeHHsT 3HAYEHb MKCEIIB abo mokparmenas: crBoperns ROL
[ , i .
e —' Bidobpasumu > : AKmo BKa3iBHUK crBopenHss ROI aktupoBano (mauB. Po6oua naneas (pa

— NDVI (Normalized Difference Vegetation Index - HopmasiizoBanuii pisnuiiesuii Bererariii-
uuii ingekc); NDVI norpebye 6mkuboro indpadepBoHOro Ta YepBOHOIO KaHAJIB;

— EVI (Enhanced Vegetation Index - Biockonasennii ereraniiinuit ingexc); EVI norpe6ye
cuHiit, OJKHIM iHppadepBOHUI Ta YePBOHUI KaHAJIM, IIepepaxoBaHi B 3HAYEHHs BigOu-
BAJILHOCTI; JIOBXKUHA XBUJIb HOBUHHA OyTH BU3HaueHa Ha Band set (page 41);

— Herwumnoswii; 3acTOCYBaTH HETHIIOBUIH BUPA3, BUSHAMEHWI HACTYITHUM DPsIKOM;
7] ® o
— : BUBHAYUTU HETUIIOBUI BUPa3; BUpa3 I'PYHTYETbCA Ha Band set; kanaau BusHa-
qaloThed 9K bandset#b + nomep xanaay (Tobro, bandset#bl g nepmoro Kanauay 3 Band

set); manpukiaiu, NDVI s 306pazxenns Landsat 6yue upemncrasiennii sik ( bandset#b4
- bandset#b3 ) / ( bandset#b4 + bandset#b3 );

. (o Rapid ROI b. |1~ . : SIKINO MapamMerp yBiMkHeHO, To TuMm4uacoBa ROI crBoproeTbest 3 3a-
CTOCYBAHHSIM aJITOPUTMY HapPOIyBaHHsS 00J1aCTi 3 BUKOPUCTAHHSM TLIBKH OTHOrO Kanaiay Band set
(page 41) (To6To HapoIyBaHHs 00JACT] BIAOYBAETHCsI [IIBUIIE); KAHAJ BU3HAYAETHCS HOMEPOM B
Band set; sxmo nmapamerp BuMmkaeno, To ROI € pesynbratrom mepernny mizk ROI, pozpaxoBannmu
ILJIsL KOYKHOIO KaHaJty (ToOTO HapolyBaHHs obsacti BiaOyBaeTbes noBlibHime, aige ROI cuekrpasib-
HO OJIHODIJIHI 38 KOXKHMM KaHAJIOM);

.
o " Auto-refresh ROI: apromarmano pospaxoByBatu HOBY TuMmuacoBy ROI mig vac sminu Region
growing parameters va Poboua naneav (page 36);

[

e " Auto-plot: aBTOMaTHYIHO PO3PAXyBaATU CIIEKTPaJibHy curHarypy Tumdacosoi ROI Ta Binobpa-
suru i1 va ['paghix cnexmparvnux cuznamyp (page 102) (MC Info el CHEKTPaJbHOI CUMHATYPU
no3HavYa€ThCs tempo_ROI);

3.2.3 Knacudpikauis

st Bitasika 3abesnedye kiaacudikario active band set Busnadenoro y Band set (page 41).
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Knacudikaris BiOyBaeTbCst 3 BUKOPUCTAHHSAM active band set Ta CIEKTPaJbHUX CUTHATYP, YBIMKHEHUX
y Ilepenir cuenamyp ROI (page 29). Ha 1iii BKJIa (11l BUSHAYAIOTHCA JEKiIbKa TapaMerpis Kiaacudikarril,
sIKi TAKOXK BILIMBAIOTH Ha ITporiec Kaacudikaril mix gac Ilonepednit nepezand peayivmamic Kaacudikayii

(page 38).
3okpeMa, JOCTYIHI HACTYIHI TapaMeTpu:
v | ’ . o
e 3acmocysamu — MC ID = C ID : gkimo MC ID ysivmkueHO, TO Kiacudikamis Bia0y-
Ba€ThCs Ha HijcTaBl yHiKanbHUX imeHTudikaropis Makpokiacis (kox curnarypu MC ID); gxio
yBiMkaeno C' ID; to kiracudikaliist BiIOYBaEThCs Ha MiCTaBl yHIKAJILHEX igeHTH(dIKATOPIB KIaciB
(xon curnarypu C ID);

° i : Biggpuru Algorithm band weight (page 45) /uist BU3HAUEHHsT BaroBux KoedilieHTiB KaHaJIiB;

Anroputm

Ileit imcTpyMeHT 3a0e3metdye BuOIp anroputMmy Kiacudikarii Ta HeoOOB’sI3KOBe BU3HAUEHHsST TTOPOTOBUX
BEJIMYUH.

~

o ety : mocrynHi Anzopummu kaacudirauii (page 126):
— Minimanvroi sidemani (page 126);
— Makcumanvrol sipozidnocmi (page 127);

— Kapmoepapysarns cnexmpanvrozo kyma (page 129);
e Threshold ' v : I03BOJISIE BUBHAYATY [IOPOroBYy BeJIMUYMHY KJiacudikanil (3acTocoByeThbCs 10 BCi

— Jutst MiniMaJ IbHOI BijicTaHi mikcesti He KaacudiKyoThesl, SIKIIO BiJcTaHb OlIbIna 3a 3Hade-
HHS ITOPOTOBOI BEJIMIUHU;

— st MakcumasibHOT iMOBIpHOCTI mikcesi ne KiaacudiKyOThCs, SKINO IMOBIPHICTh MEHIIA
3a 3HAYEHH: HOpOroBol BeamdnHu (MakcuMasasao 100);

— ana KaprorpadyBaHHs CHEKTPAJBHOTO KyTa INHKCeT He KJIACH(IKYIOTHC. SKIIMO CIie-
KTPaJIbHUI KyT GLIBINIA 3a 3HAUEHHS] IOPOTOBOI BesMUnHA (MakcuMajbHo 90).

) B: Binkpuru Signature threshold (page 50) sl BUBHAYEHHS IOPOTOBUX BEJUYUH CUTHATYD;

Knacudikauisi curHatyp 3emenibHOro noKpuBey

Kaacugpirayia cuenamyp semnozo nokpusy (page 130) me knacudikaris, gka Moxke 6yTH BUKOPUCTAHA
B AKOCTI aJbrepHaTuBy abo y noeananui 3 Aszopumm (page 35) (mus. LCS threshold (page 52)). Iikce-
Jii, O HaJIeXKaTh [0 JBOX abo Olibire KiaciB (abo makpoksacis) kiacudikyiorbes gk Class overlap 3
3HadeHHaAMH pacTpa = -1000.
e Use I LCS L4 Algorithm v only overlap: axmo mapamerp LCS yBIMKHEHO , TO 32CTOCOBY-
erbest Land Cover Signature Classification; sikimo napamerp Aszopumm yBIMKHEHO, TO BHOpaHUi
Anzopumm (page 35) 3acTocoByeThCst 10 HeKIacudikoBaHux mikcenis Kaacudikauis cuenamyp se-
MENLHOZ0 NOKPUBY; AKINO YBIMKHEHO MiAvku nepexpummas, subpanuii Anzopumm (page 35) 3acro-
COBYETBC JIHIIIE JI0 MIKCENIB 3 KJIACiB, 1[0 HePEeKPUBAIOTHCH 33 Kaacudikayia cuenamyp 3emeivrozo
nokpuey; HekimacudikoBani mikcem Kaacugikauisa cuenamyp 3emeavho2o nokpusy 3aJTUMIAI0THCs
HeKTacu(PiKOBAHIMI;

. @: Binkpuru LCS threshold (page 52);
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Pe3ynbtat knacudikauir

Classification output 3abe3neuye xiuacudikanito Band set (page 41) BiquoBinHo 10 mapaMerpis BusHade-
uux y Aszopumam (page 35).

omaTKoBo, B IKOCTi CTHITIO KIacudikariil Moyke OyTr BiIKpUTHUil Ta BUKOPUCTAHU 3aBIaCHO 30eperKeHuit
cemuas kaacudirauii (dbain QGIS .qml) .

Pacrp knacudikanii ne daitn .tif (baiin crumo QGIS .qml 36epiraeTbest pa3oM 3 Pe3yJIbTATOM KJa-
cudikaril); 101aTKOBO MOXKYTh OyTu po3paxoBami i inmi pesynabraru. licss 3aBepiiieHHs PO3paxyHKIB,
pesynbraT 3aBaHTaxKyoThesa 10 QGIS.

o
e Bidxpumu qml E : BuOpaTu daityi .qml, ckacoBywoun kKoJsibopu, usHadeni st C' ID abo
MC ID;

° ®'; OBEPHYTHCH JI0 CTAHJAPTHOrO CTHJIO (TOOTO BUKOPHCTOBYBATH KOJBODH, Bu3HaveHi just C

ID a6o MC ID);

e — 3acmocysamu macky : SIKITIO YBMIKHEHO, TO JIJIsI MACKyBaHHs Pe3y/bTaTiB Kiacudikaril
MozKke OyTu BuKopucTanuii meidin-daita (Tobro, Tepuropis moza mexxamu medin-daitiay He kiaacudi-
KYETbCs);

° *: IOBTOPHO BCTAHOBUTH INe-daili MacKu;

~ Cmeopumu eexmop : AKIMO yBIMKHEHO, TO JOJATKOBO JI0 pacTpy Kiacudikarii 306epirae-
ThCs Tein-daitn Kiaacudikaliil 10 TOTo K KaTajaory i i Ti€lo camMoro Ha3BoIo, 1o i Pesyavmam
Kaacudirayii; TepeTBOPEHHsT y BEKTOp Moxke OyTm peasizoane 1 misuime (mus. Classification to
vector (page 84));

° £ 36im 3a peaysvmamamu Kiacu@ikayii : AKIO YBIMKHEHO, TO PO3PAXOBYETHCS 3BIT 3a pe-
3yJbTaTaMu Kiaacudikaliil 3eMeTbHOTO TIOKPUBY Ta 30epiraeTbes K dailyl .csv B TOH caMuil KaTaaor
Ta i TIEI0 caMOI0 HA3BOIO (3 IPUCTABKOIO _report), siki BusHadyeHo sk Pesyavmam xaacudirayil;
3BIT TakoK MOKe OyTn pospaxosanuii mizHime (nus. Classification report (page 81));

. ¥ 36epeemu datiau aneopummy ’ : FIKIT0 YBIMKHEHO, TO JIOJIATKOBO JI0 pacTpa Kiaacudi-
karil 36epiraerness Pacmp aszopummy (page 132) B Toit cammit karasor, mo i Pesyavmam xaacu-
Pixauii; B IKOCTI BXOJOBUX JAHUX BHKOPUCTOBYETHCH PACTP It KOYKHOI CIEKTPAJIHHOI CUTHATYPHU
(3 npucraskoro _sig_MC ID_C ID) Ta CTBOPIOETHCH 3arajbHUil PACTD aJrOPUTMY (3 HPUCTABKOIO
_alg_raster);

° s ! BU3HAYUTHU KATAJIOI BUXIIHUX PE3YJIbTATIB Ta PO3MOYaTH KJIaCH(IKAII0 300parKeHHs;

3.3 Pobo4ya naHenb

P POEE TRRNOBERE R L G ©) + #roven] + | 1 LG DL )

Fig. 7: Poboua naneaw

Working toolbar 3abe3nieaye cropenust temporary ROIs ta classification previews.

e Konmponav snwimrka (page 37)
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e Tumuacosi ROI (page 37)

o [lonepedniii nepezand pesysvmamis kaacugirauii (page 38)

IIi dyukmil goKIaIHO ONMKUCAHO B HACTYIHUX Maparpadax.

3.3.1 KoHTponb 3HiMKa

. m: nokazaru Main Interface Window (page 39);
. @ : 30lbIIuTH Mally 10 oxouseHHs active band set 'y Band set (page 41);

o RGB= > . : BUKOPHCTOBYiiTe 110 KHOIKY, OO NoKa3aru,/nmpuxosat active band set
y Band set (page 41) Ha Mmami; 3 nepeniky Bubepitb Koavoposuii komnozum (page 124), sika 3a-
crocoByeTbesa 10 Band set (page 41); HOBI KOJIBOPOBI KOMOGIHAINT MOXKYTh OyTH BU3HAYEHI, AKIIO
HAJPYKyBaTH HOMEDU KaHAJIB, po3zlieni - abo ; abo , (manpukian, RGB = 4-3-2 a6o RGB =
4:3;2 abo RGB = 4,3,2);

° éh: Bi;T0Opa3uTn BXOMOBUil 3HIMOK, PO3TATYIOUN MiHIMaJbHE Ta MaKCHMAaJbHE 3HAYEHHS BiImO-
BifiHO /10 HaKonMYeHO! HasiBHOCTI (cumulative count) MOTOYHOTO OXOIUIEHHST MAIIH;

° f&\: BiZ00pa3uTH BXOJOBUII 3HIMOK, PO3TAIYIOUN MiHIMaJbHE Ta MaKCHMaJjbHE 3HAYEHHs BiIIIO-
BigHO 10 cranmaprroro Binxuienns (standard deviation) morouHOro OXoOIUIEHHS MAaIW;

http:/ /www.youtube.com/watch?v=9jA Rh8YfKQ

3.3.2 Twumuacosi ROI

Tumuacosa ROI ne BimoOparkeHuil Ha Malll TUMYACOBUIL MTOJITOH, IKUl MOXKe OyTH 30eperkKeHuil sSIK I10-
crifinuit 1o Brodosi nasuanvii dani (page 26). Tumuacosa ROI moxke GyTu oKpecsieHa BpydHy abo 3
zacrocyBaHHgM Anzopumm napouysarns obaacmi (page 125) (To6T0 306pazkeHHs] CErMEHTYEThC HAB-
KOJIO HACIHHOIO IIKCeJIs 3 BKJIOYEHHSIM CIEKTPAJIbHO OJHODPIIHUX IIKCeJiB).

° D: 30LIBIINTH MAILy JIO OXOILIEHHS mumuacosoi ROI;

L]
e '~ ROI: Bukopucrosyiire 1110 KHOIIKY, 1106 noKazaTu/cxoBaru mumuacosi ROI ta Brodosi na-
6uaAbHI dari Ha Marli;

L] »
o

o b M aKTUBYiiTe BKa3iBHUK, m00 cTBOpuTH Mmumyacosy ROI okpecaioBaHHSM IOJITOHY Ha MAaIi;
KJIATTAHHSIM JIIBOIO KHOIIKOIO MUIITKK Ha Mami BuzHadTe By3au ROI ta kiramaHHsM mpaBoio KHOIKOIO
MUIIKH BU3HAYTE OCTAHHIN BYy30JI, IO 3aMKHE IIOJITOH; HATHCHITH Ha KJjaBiaTypi kHONKy CTRL,
106 J10/1aTH 6araToOYaCTUHHUM MTOJIIrOH; HATUCHITEH HA KjaaBiaTypi kHomku CTRL + Z, 11100 BUIAIATH
OCTaHHIl 6araTOYaCTUHHUI TOJIITOH;

. : aKTUBYIiTe BKa3iBHUK, 100 CTBOPUTH mumuacosy ROI 3 BUKOpUCTaAHHSIM AJITOPUTMY HAPO-
Iy BaHHS 00JIaCT1; KJIAIHITH JIIBOIO KHOIIKOKO MUIIKYU Ha Maili, 1106 crBoputu ROI; KiaiHiTh npaBoro
KHOITKOIO MUIIKU Ha Maill, mob Bijjobpa3suTu CleKTpajbHy CUIHATYpPY IiKcesisi active band set Ha
Tpagir cnexmpanvnux cuenamyp (page 102); narucHiTh Ha KiaasiaTypi kuonky CTRL Ta KjanHiTh
JIBOIO KHOIIKOIO MUIIKHU, MO0 J0JaTh 6araTo9acTuHHUN MoJIrod (HOBI 9aCTUHM He CTBOPIOIOTHCS,
SKIINO HAsIBHE IIEPEKPUTTS 3 IHIIUME YaCTHHAMM); HATHCHITH KHONKHU Kiasiarypu CTRL + Z, 1106
BUJIAJTUTH OCTAHHIN 6AraToYacTUHHUM TOMITOH; HATUCHITH Ha KJaaBiaTypi KHONKy CTRL Ta KJIaIHITh
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IIPaBOIO0 KHOIIKOIO MUIIKH, 100 BiI06pa3uTu Ha rpadiky COEeKTpaJbHI CATHATYPHU OHOIO i TOTO K
miKceJist JUIst BCix band sets;

° : cTBOpUTH MuMmyacosy ROI 3 BUKOPUCTAHHSIM aJITOPUTMY HAPOIIYBaHHS 00JIacTi B TOMY ca-
MOMY TiKCesTi-HACIHWHI, IO 1 TOoMepeIHIo; e MOXKe OYTH 3PYUHO MiC/Is 3MIHE NaApamMempis HapouLy-
B8aMHA 00NACTNI;

ITapamempu napouwyearHHs obaacmi: HACTyHHI mapaMmerpu HeoOxigHi ajs crBopennsst ROI 3 3acTrocyBanH:s

L hE] @ . .
e Dist |~ : BCTAHOBUTHU IHTEPBAaJI, KUl BU3HAYAE MAKCUMAJbHY CIEKTPAJbLHY BiJCTaHbL
MiXK THKCeJIeM-HACIHMHOIO Ta MKCEIAME, 10 HOro 0TOYyOTh (Y PaJiOMETPUYHUX OJUHUIILX);

o Min | v : BcranoBuTu Minimasbhy miomy ROI (B mikcessx); ne HajamTyBaHHS 3aMi-
mae Pagiyc mamasony, J0KH He JOCATHYTO MiHMaybuuit podmip ROI; akmo Isunxka ROI 3a
kazanoM akTuBoBaHo, Toji ROI maTnme po3mip He MeHmmit 3a Min posmip ROI; akimo UBunxa
ROI 3a xamasom He akTuBOBaHO, Toxai ROI Moxke maTu po3mip menmuit 3a Min poamip ROI;

=7y @
o Maz | v : BcranosuTu MakcumasibHy mmpuny ROI B nikcesnsax (To6To 10BXKUHY CTOPOHU
KBaJpaTa 3 MEeHTPOM B Hikcesi-Hacinui, 110 gkoro Buucana ROI);

http://www.youtube.com /watch?v=CQqNtlOU6mI

3.3.3 lNMonepegHin nepernapg pe3ynbraTie kKnacudikay,i

ITonepedniti nepeeand xaacudirayii 3abe3redye BioOparKeHHs TUMYACOBOI Kiacudikamil (To6To monepe-
JHiii neperdisg pesyiabraris kiaacudikanil). [onepenuiii neperssan kiuacudikanil 3pydHuil majist epeBipKu
aJaropuTMy Ha HeBesukoMy dparmenti Band set (page 41) mepin HizK TpOBOAUTH KJacu(bIKaIio BCbOIo
3HIMKA, KA MOXKe 3ailHaTn TpuBasuil dac (mus. Pesyavmam kaacudirayii (page 36)).

IHonepedniti nepezasd kaacudiranyii BAKOHYETHCS BIJIIOBIIHO 0 IIapaMeTpiB, BU3HaYeHUX y A.szopumm
(page 35).

HonarkoBo 1o pacrpy kiacudikarii, Mmoxe OyTu Bimobpaxkenuit Pacmp aszopummy (page 132), sakuit
3pYUHMII JUIS OIIHKHU Bi/icTaHI MiXK IiKceseM, BiTHECEHHM 10 Knacy X, Ta BLAIOBIIHOIO CIEKTPAJILHOIO
curnaryporo X. Ha ITonepedniti nepeeasd xiacugdirayii 9JOpHI miKce i 3HAXOAATHCS HA 3HAYHUX BiJICTAHIX
Bifl BIANOBiIHEX crieKTpasibHUX curHaTyp (Moxkinso Hoi ROI abo ciekTpasbHi CUMHATYPH HOBUHHI Oy TH
3i6pani Jyig nuX JUISHOK ), a Ol mikcei GauKYl 10 BIAOBIAHOT ClIeKTPAIbHOL CUrHATYPU (BiIIIOBIIHO,
CIIEKTPAJIbHA CUI'HATYPA KOPEKTHO XapaKTepu3ye i MiKceJ).

ITicsist cTBOpEHHSI HOBOTO MOTIEPEHBOIO MIEPErJIs Ly, CTapi mornepe i neperiaau B nanesi jgerenn QGIS
Layers niepemintyorscst 1o rpynu Class_temp_group (iM’st rpynm Moxke 6yt 3Minene y Temporary group
name (page 101)) Ta BumansoTbes micas 3akpurrs cecii QGIS.

ITOITIEPE/I2KEHHS: Tlonepeni mepersisiain pe3yabTaTiB Kaacudikaril aBTOMATHIHO BU-
JAJSAIOThCs 3 aucka, koau cecis QGIS 3akpuBaeTbest; mpyu MOBTOPHOMY BiIKPUTTI 36eperke-
HOro npoexty nosizomiienss QGIS moxe momnpocTuTn BKaszaTn NUISX J0 3HUKJIUX mapis (e
HOBIIOMJIEHHST MOXKe OyTH NPOIrHOPOBAHE) .

° J.E : 30LJIBINIATH MaIly JI0 OXOILIEHHS OCTAaHHBOTO [lonepednit nepezand pesysvmamis Kaacudixayii
(page 38);

.
o ' [lonepednit nepezsnd: BAKOPUCTOBYHTE I]0 KHOIIKY, 100 MOKA3aTH /CXOBATH OCTaHHIl [Tone-
pedniti nepezand pesysvmamis kaacudirauii (page 38) Ha marr;

J: AKTUBYBaTH BKa3iBHUK, 100 cTBOpUTH [lonepedniti nepezasd pe3yivmamis Kaacudirauyii
(page 38); kJanHiTH JIBOIO KHOIKOIO MUIIKH Ha KapTi, mo6 posmodyaru nporec kKiaacudikamil Ta
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BistoOpa3uTu momnepeHiit eperisa 11 pe3y/IbTaTiB; KJIAIHITH MPAaBOI0 KHOIMKOIO MUIIKHU, 100 PO3-
novaTu nporec Kiaacudikaiil ta Bigobpasuru Pacmp anzopummy (page 132) momepeauboro mnepe-
LIS

° g J: crBOpUTU HOBHIA [lonepedniti nepezasd pesyavmamis xkiacudirauii (page 38) 3 HEHTPOM B
TOMY CAMOMY IIKCeJ, IO 1 IoIepeIHiil;

o T ! nunamiuno 3minuru MIPO30PIiCTH TOMEPETHHOTO TMEPENIIIy Pe3yaIbTaTiB Kiaacudikariii st

—_— . _
o SV : PO3MIp IIONIEPEHBOIO NEPErisly B IIKCeIAX (JIOBXKHUHA CTOPOHH KBAIpaTa 3 IEeHTPOM
B miKcesii Ha SIKOMY KJIAI[HYJIN);

° t: pujautu 3 QGIS  nonepedni nepeeasdu  kaacugirauyil, sSKi 3HAXOAATHCS B
Class_temp__group;

3.4 Main Interface Window

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

e Band set (page 41)
— Multiband image list (page 41)
— Single band list (page 41)
— Band set definition (page 42)
— Band set tools (page 43)
e Basic tools (page 44)
— RGB list (page 44)
— Algorithm band weight (page 45)
— Multiple ROI Creation (page 46)
— Import signatures (page 48)
— Ezxport signatures (page 50)
— Signature threshold (page 50)
— LCS threshold (page 52)
e Download products (page 54)
— Login data (page 54)
— Search (page 56)
— Download options (page 58)
e Preprocessing (page 58)
— Landsat (page 59)

— Sentinel-2 (page 61)
— Sentinel-3 (page 63)
— ASTER (page 64)
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MODIS (page 66)

Vector to raster (page 67)
Clip multiple rasters (page 68)
Split raster bands (page 70)
Stack raster bands (page T1)
Mosaic band sets (page 71)
Cloud masking (page 72)

e Band processing (page T4)

Band combination (page 74)
PCA (page 74)

Clustering (page 75)
Spectral distance (page 77)

e Postprocessing (page 79)

Accuracy (page 79)

Land cover change (page 80)
Classification report (page 81)
Cross classification (page 82)
Class signature (page 83)
Classification to vector (page 84)
Reclassification (page 85)

Edit raster (page 87)
Classification sieve (page 88)
Classification erosion (page 90)
Classification dilation (page 90)

e Band calc (page 91)

Band list (page 92)
Expression (page 92)
Index calculation (page 93)
Decision rules (page 93)
Output raster (page 95)

e Batch (page 95)

Batch (page 96)
Run (page 98)

e Settings (page 98)

Processing (page 98)

Interface (page 100)
Debug (page 101)

40
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3.4.1 Band set

Multiband image list

i~ Basic tools

‘ Download products ' single band list

Semi-Automatic Classification Plugin [ TS =1 4

[> Preprocessing

&> Band processing

Postprocessing

@ Band calc Band set definition
; mateh Band set1 [£]
# settings —
Band name ¢ Center wavelength © Multiplicative Fact

[/ About )
[z user manual
{2} online help

L ) |

Support the SCP
Band set tools

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

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

Fig. 8: i Band set

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

Band sets are identified by numbers. The active band set (i.e. the tab selected in Band set definition
(page 42) with bold green name) is used as input for the tools in Taneas SCP (page 25) and Po6oua
nanesv (page 36). Other SCP tools allow for the selection of band set numbers.

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

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

e ¥l : gselect the input image from a list of multispectral images loaded in QGIS;
° ': open one or more raster files that are added to the active band set and loaded in QGIS;
° 0 : refresh layer list;

Single band list

List of single band rasters already loaded in QGIS. It is possible to select one or more bands to be added
to the active band set.
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° O : refresh list of raster bands loaded in QGIS;

—
"

e —: select all raster bands;

+

° : add selected rasters to the active band set.

Band set definition

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

° ﬂ: add a new empty band set;

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

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

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

Every band set is defined with the following table:
!_I_I_I_

e == Band set #: table containing the following fields;

a
Band name : name of the band; name cannot be edited;

)
Center wavelength : center of the wavelength of the band;
— Multiplicative Factor : multiplicative rescaling factor;
iy o .. .
— Additive Factor : additive rescaling factor;

]
— Wavelength unait : wavelength unit;

L
Image name : image name for multiband rasters;

° * : move highlighted bands upward;

. : move highlighted bands downward;

E-'
bc

: 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;
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o Quick wavelength settings | : rapid definition of band center wavelength for the following sa

— ASTER;

— GeoEye-1;

— Landsat 8 OLI,

— Landsat 7 ETM+;

— Landsat 5 TM;

— Landsat 4 TM;

— Landsat 1, 2, and 3 MSS;
— MODIS;

— Pleiades;

— QuickBird;

— RapidEye;

— Sentinel-2;

— Sentinel-3;

— SPOT 4;

— SPOT 5;

— SPOT 6;

— WorldView-2 and WorldView-3;

W

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

— nm: nanometres;

° ' : import a previously saved active band set from file;

° 1: export the active band set to a file;

http://www.youtube.com /watch?v=1PclAtPjyZE

Band set tools
It is possible to perform several processes directly on active band set.
° L Create virtual raster of band set: if checked, create a virtual raster of bands;

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

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

. . Band calc expression: if checked, calculate the Erpression (page 92) entered in Band calc
(page 91); it is recommended the use of Band set variables in the expression (e.g. bandset#bl );
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e RUN 3 : choose the output destination and start the process;

3.4.2 Basic tools

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

RGB list

Semi-Automatic Classification Plugin e B

i Algorithm band weight | ‘ Multiple ROI creation | &: Impert signatures | !

Band set
‘ﬁ \ R reB list
= Basic tools
> B RGE list

& Download products —

[ w

= Preprocessing 1 (3-2-1

|
: 432
#» Band processing Z |

BEe

Postprocessing

ﬁ Band calc
; Batch
; S:i:ings a
About
-

EE User manual

4%} online help

(TR

Support the SCP -
Automatic RGB

Band combinations @‘

Fig. 9: @ RGB list

This tab allows for managing the RGB Koavoposuii komnosum (page 124) used in the list RGB= of the
Kowmpoaw snimrka (page 37).

RGB list

e ‘= RGB list: table containing the following fields;
— RGB: RGB combination; this field can be manually edited;

° * : move highlighted RGB combination upward;

. + : move highlighted RGB combination downward;
N

o LBC : automatically sort RGB combinations by name;
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° + : add a row to the table;

° : remove highlighted rows from the table;

. #: clear all RGB combinations from RGB list;

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

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

Automatic RGB

e Band combinations 2) add the combinations of all bands (i.e. permutation) to the RGB list
(page 44) (e.g. 1-2-3, 1-2-4, ..., 3-2-1);

Algorithm band weight

Semi-Automatic Classification Plugin bEa B E3

Band set
= @ RGB list illgorithm band weighi | ‘ Multiple ROI creation | &: Impert signatures | !)
= Basic tools — e
| Band weight

& Download products

3and set 1

Preprocessing

Bas K procaalnG Band number ; Band name ; Weight

d Band calc

&
I
Postprocessing

Batch

(]

About

S
2 Settings
P

[z User manual

Support the SCP
PP Automatic weight

. (E—
Set weight 1.00 O @J

Fig. 10: z Algorithm band weight

This tab allows for the definition of band weights that are useful for improving the spectral separability
of materials at certain wavelengths (bands). During the classification process, band values and spectral
signature values are multiplied by the corresponding band weights, thus modifying the spectral distances.
A tab is displayed for every Band set (page 41).
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Band weight

e
° r:v’l Band weight: table containing the following fields;

— Band number : number of the band in the Band set;
— Band name : name of the band;

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

Automatic weight

CJd

e — ¥: reset all band weights to 1;

o Set weight L) 2) set the defined value as weight for all the highlighted bands in the table;

Multiple ROI Creation

E Semi-Automatic Classification Plugin

I ## Band set

= Basic tools

& Download produ...

i Algorithm band weight ‘ Multiple ROI creatiorn & Import signatures

¥ ros st

m Export signatures

Create random points

. = —
i Number of points | 100 |+| | linside grid | 10000 |:| min distance | 100 =/ Create points |E|
[+ Preprocessing _ = -y —

< stratified for the values |raster =0 | of first band of band set | 1 |1|
£ Band processing e

) Point coordinates and ROI definition
Postprocessing =

a X Y MCID  MCinfo  CID | Cinfo | Min | Max | Dist af

Band calc

% Batch E |i
. +

#$ settings _ |§

[ about =

[z User manual

{&} Online help |@i

Support the SCP [ I [¥

Run
W Calculate sig. ‘ RUN s‘

gt
Fig. 11: & Multiple ROI Creation

This tab allows for the automatic creation of ROIs, useful for the rapid classification of multi-temporal
images, or for accuracy assessment. Given a list of point coordinates and ROI options, this tool performs
the region growing of ROIs. Created ROIs are automatically saved to the Bzodosi nasuanvni dani
(page 26). The active band set in Band set (page 41) is used for calculations.

Create random points

o Number of points vl set a number of points that will be created when Create points is
clicked;
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o inside grid | 1~ if checked, the band set area is divided in cells where the size thereof is defined
in the combobox (image unit, usually meters); points defined in Number of random points are
created randomly within each cell;

(e min distance | 1% if checked, random points have a minimum distance defined in the
combobox (image unit, usually meters); setting a minimum distance can result in fewer points
than the number defined in Number of points;

b

Create points : create random points inside the band set area;

(& stratified for the values T of the first band of the band set min distance ' %! if checked,
create random points inside the values defined in the expression calculated for the first band of the
defined band set; the expression must include the variable raster ; multiple expressions can be
entered separated by semicolon ( ; ) but the total number of stratified points is the same as the
defined Number of points;

Point coordinates and ROI definition

Run

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

— X : point X coordinate (float);

Y : point Y coordinate (float);

— MC ID: ROI Macroclass ID (int);

— MC Info: ROI Macroclass information (text);

— C ID: ROI Class ID (int);

— C Info: ROI Class information (text);

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

— Maz : the maximum width of a ROI (in pixel unit);

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

— Rapid ROI band : if a band number is defined, ROI is created only using the selected
band, similarly to Rapid ROI band in Ilepenir cuenamyp ROI (page 29) ;

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

: delete the highlighted rows from the table;

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

@: export the point list to text file;

L Calculate sig.: if checked, the spectral signature is calculated while the ROI is saved to Bzodosi
nasuasvni dari (page 26);

3.4.

Main Interface Window 47



Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

e RUN 3 : start the ROI creation process for all the points and save ROIs to the Bzodosi na-
suaavii dani (page 26);

Import signatures

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

Import library file

Semi-Automatic Classification Plugin e o Bl Ed

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

Import librar...
& Download products

El: Export signatures | @ Signature threshold |(i)|

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

#» Band processing
Postprocessing
Band calc

% Batch

#{ Settings

[7 About

[ User manual

{8} Online help

Support the SCP

Import shap...

Download USGS Spectral Lib...

Fig. 12: Import library file
This tool allows for importing spectral signatures from various sources: a previously saved Bzodosi
nasuanvni dani (page 26) (.scp file); a USGS Spectral Library (.asc file); a previously exported CSV

file. In case of USGS Spectral Library, the library is automatically sampled according to the image band
wavelengths defined in the Band set (page 41), and added to the Ilepenix cuenamyp ROI (page 29);

e Select a file -: open a file to be imported in the Brodosi nasuanvii dani (page 26);

Import shapefile

This tool allows for importing a shapefile, selecting the corresponding fields of the Bxzodosi nasuanvi
dari (page 26).

e Select a shapefile -: open a shapefile;
e MC ID field I select the shapefile field corresponding to MC ID;
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a¢ Band set
= Basic tools

& Download products

= Preprocessing
#» Band processing
Postprocessing
Band calc

% Batch

#{ Settings

[7 About

[ User manual

4%} online help

Support the SCP

Semi-Automatic Classification Plugin @ B

Multiple ROI creation &Impnrt signatures El: Export signatures | @ Signature threshold |(i)|

Import librar...

Import shap...

Select a shapefile (*.shp) '

Shapefile fields
|MC 1D field |MC Info field | CID field | C Info field

|+ | Calculate sig.  Import shapefile @.

Download USGS Spectral Lib...

MC Info field >

Fig. 13: Import shapefile

select the shapefile field corresponding to MC Info;

C ID field —I: select the shapefile field corresponding to C ID;
C Info field >I: select the shapefile field corresponding to C Info;

° Ld Calculate sig.: if checked, the spectral signature is calculated while the ROI is saved to Bzodosi
nasuavii dani (page 26);

Import shapefile

>

: import all the shapefile polygons as ROIs in the Bxodosi nasuansvni dari

(page 26);

Download USGS Spectral Library

The tab Download USGS

Spectral Library allows for the download of the USGS spectral library (Clark,

R.N., Swayze, G.A., Wise, R., Livo, E., Hoefen, T., Kokaly, R., Sutley, S.J., 2007, USGS digital spectral
library splibO6a: U.S. Geological Survey, Digital Data Series 231).

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

is required.

e Select a chapter |_>I: select one of the library chapters; after the selection, chapter libraries are
shown in Select a library;

o Select a library ! select one of the libraries; the library description is displayed in the frame

Library description;

e Import spectral library

: download the library and add the sampled spectral signature to the

3.4. Main Interface Window 49



http://speclab.cr.usgs.gov/spectral-lib.html

Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

Semi-Automatic Classification Plugin @ B

Band set
=~ Multiple ROI creation &Impnrt signatures | El: Export signatures | @ Signature threshold |(i)|
= Basic tools ocitead

Import librar...
& Download products

Import shap...
= Preprocessing
Download USGS Spectral Lib...
#» Band processing

Postprocessing Select a chapter o
Band calc Select a library

£ Batch Import spectral libra
# settings Library Description (requires internet connection)

[7 About

[ User manual

4%} online help

Support the SCP

Fig. 14: Download USGS Spectral Library

Iepeair cuznamyp ROI (page 29) using the parameters defined for class and macroclass; the library
is automatically sampled according to the image band wavelengths defined in the active band set
in Band set (page 41), and added to the ITepenix cuenamyp ROI (page 29);

Tip: 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.

Export signatures

This tool allows for exporting the signatures highlighted in the Ilepeaix cuenamyp ROI (page 29).

o Faxport as SCP file E: create a new .scp file and export highlighted ROIs and spectral signatures
as SCP file (* .scp);

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

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

Signature threshold

This tab allows for the definition of a classification threshold for each spectral signature. All the signatures
contained in the Bxodosi nasuanvni dani (page 26) are listed. Thresholds defined in this tool are applied
to classification only if Threshold value in Anrzopumm (page 35) is 0.
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af Band set

= Basic tools

& Download products

t-. Preprocessing

#» Band processing

ﬂ Postprocessing

E Band calc

g Batch

j(: Settings

[/ About

[ User manual

{8} Online help

Support the SCP

Semi-Automatic Classification Plugin
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Multiple ROI creation | E! Import signatures & Export signatures

& Signature threshold |:(i)|

Export as SCP file (*.scp) E
Export as shapefile (*.shp) E
Export as CSV file {.csv) U |
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Fig. 15: E FExport signatures

= Basic tools

& Download products

t- Preprocessing

#» Band processing

H Postprocessing

& Band calc

g Batch

}E Settings

[/ About

[z User manual

4% online help

Support the SCP

Semi-Automatic Classification Plugin | & = B8 x

| & Impeort signatures | m Export signatures @Signature thrnshold| LCS threshold | <

Signature threshold

'MCID:  MCInfo : CID ° Cinfo MD Threshold - ML Threshold - SAM Threshold

1]

Automatic thresholds

S ——
Set threshold | 0.0000 Set threshold = o * | 1.0 2] @

9 B

Fig. 16: @ Signature threshold
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This is useful for improving the classification results, especially when spectral signatures are similar.
Thresholds of signatures are saved in the Bxodosi nasuaivhi dani (page 26).

If threshold is 0 then no threshold is applied and all the image pixels are classified. Depending on the
selected Aszopumam (page 35) 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).

Signature threshold
o = Signature threshold: table containing the following fields;
— MC ID: signature Macroclass ID;
— MC Info: signature Macroclass Information;

C ID: signature Class ID;

C Info: signature Class Information;

MD Threshold: Minimum Distance threshold; this value can be edited;
— ML Threshold: Maximum Likelihood threshold; this value can be edited;
— SAM Threshold: Spectral Angle Mapping threshold; this value can be edited;

e — #: reset all signatures thresholds to 0 (i.e. no threshold used);

Automatic thresholds

o Set threshold i
table;

: set the defined value as threshold for all the highlighted signatures in the

e Set threshold = o * | 1v 2) for all the highlighted signatures, set an automatic threshold
calculated as the distance (or angle) between mean signature and (mean signature + (o * v)),
where o is the standard deviation and v is the defined value; currently works for Minimum Distance
and Spectral Angle Mapping;

LCS threshold

This tab allows for setting the signature thresholds used by Kaacugixauia cuenamyp semnozo noxkpusy
(page 130). All the signatures contained in the Brodosi nasuaavni dani (page 26) are listed; also, signature
thresholds are saved in the Bzodosi nasuanvni dani (page 26).

Overlapping signatures (belonging to different classes or macroclasses) are highlighted in orange in the
table LC Signature threshold; the overlapping check is performed considering MC ID or C ID according
to the setting Use L4 MC ID L4 C ID in Anzopumm (page 35). Overlapping signatures sharing the
same ID are not highlighted.
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Semi-Automatic Classification Plugin b o B
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‘ﬂ \ l & Import signatures | Et Export signatures | @ Signature threshold LCS threshold | <
-= Basic tools i asinlezs
= | LC Signature threshold

& Download products

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

#» Band processing
Postprocessing
Band calc

% Batch ;
2 settings @
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[ User manual

4%} online help

Automatic thresholds

Min Max @‘ ag* 1.0 C @J From ROI !‘ From pixel S t

Support the SCP

Fig. 17: LCS threshold

LC Signature threshold

e
o b LC Signature threshold: table containing the following fields;

— MC ID: signature Macroclass ID;
— MC Info: signature Macroclass Information;

C ID: signature Class ID;

C' Info: signature Class Information;

Color [overlap MC ID-C_ID]: signature color; also, the combination MC ID-C ID is
displayed in case of overlap with other signatures (see Kaacudirauin cuenamyp semnozo
nokpusy (page 130));

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

— Maz B X: maximum value of band X; this value can be edited;

. %: show the ROI spectral signature in the 'padix cnexmparvruz cuznamyp (page 102); spectral
signature is calculated from the Band set (page 41);

Automatic thresholds

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

e Min Mazx 2) set the threshold based on the minimum and maximum of each band;
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* '1..,' ?

'Y : set an automatic threshold calculated as (band value + (o * v)), where o is the
standard deviation of each band and v is the defined value;

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

(8

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

7l

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

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

£

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

i"‘

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

3.4.3 Download products

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

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

This tool allows for searching and downloading:
e Landsat Satellites (page 119) images (from 1 MSS to 8 OLI) acquired from the 80s to present days;

o Cynymmur Sentinel-2 (page 121) images (Level-1C and Level-2A) acquired from 2015 to present
days;

o Sentinel-3 Satellite (page 121) images (OLCI Level-1B OL_ 1 EFR) acquired from 2016 to present
days;

o Cynymmnurx ASTER (page 122) images (Level 1T) acquired from 2000 to present days;

o [Ipodyxmu MODIS (page 123) images (MOD09GQ, MYD09GQ, MODO09GA, MYDO09GA,
MOD09Q1, MYD09Q1, MOD09A1, MYDO09A1) acquired from 2000 to present days;

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

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

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

Login data
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Semi-Automatic Classification Plugin | &= B

Band set
# Rand 2n A Login data | S search | M Download options

= Basic tools
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Download products | | user Password | remember

= Preprocessing

ttps:/furs.earthdata.nasa.gov

%> Band processing User | Password |+ remember
Postprocessing Login Sentinels

E2 Band calc Service https://scihub.copernicus.eufapihub @
_& Batch User | Password || remember
2 settings
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Support the SCP Download

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

Fig. 18: i Login data

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

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

1] F]
o User! T : enter the user name;

e Password %) : enter the password,

o .
° Ld remember: remember user name and password in QGIS;

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

For ASTER and MODIS images FOSDIS Earthdata credentials (https://urs.earthdata.nasa.gov ) are
required for download. Login using your EOSDIS Farthdata credentials or register for free at https://
urs.earthdata.nasa.gov/users/new . Before downloading ASTER and MODIS images, you must approve
LP DAAC Data Pool clicking the following link https://urs.earthdata.nasa.gov/approve app?client
id=ijpRZvb9qeKCKbctsn75Tg

o User T : enter the user name;

e Password |_T) : enter the password;

° L—-'I remember: remember user name and password in QGIS;
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Login Sentinels

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

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

. % reset the default service;
o User |1 : enter the user name;

—
e Password T : enter the password;

v .
° Ld remember: remember user name and password in QGIS;

Search
Semi-Automatic Classification Plugin ﬂ
Band set
i Login data Search Download options
o 9 P
= Basic tools

Search parameters

Download products [ ] [ 1
P ) UL | X (Lon) Y (Lat) LR | X (Lon) Y (Lat) .* Show
[= Preprocessing e
Max cloud cover (%) | 100 |,

Products | Sentinel-2 v Date from 2016-01-01 v to 2018-03-06 w
£ Band processing
Results 20 § | Filter

Postprocessing

= : s i : ;
— osM p: p 5 - aq Y
Band cale | Add OpenStreetMap to the map (© OpenStreetMap contributors. The cartography is licensed as CC BY-SA. Tile Usage Policy)

Product list

% Batch

Find @

. Product ProductiD S Ace
# Settings !

[/ About

[z User manual

{5} Online help

Preview

Support the SCP . [ T B <>

(I IRt O~

Download

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

v

Fig. 19: D Search

Search parameters

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

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

o LR 1! 1Vl set the LR longitude X (Lon) and the LR latitude Y (Lat);

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

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

e Products | I: set the search product;
e Date from "1¥): set the starting date of acquisition;

o to ["0V]: set the ending date of acquisition;
e Maz cloud cover (%) ' '~!: maximum cloud cover in the product;

e Results \'%: maximum number of products returned by the search;

o Filter | T|: set a filter such as the Product ID (e.g. LC81910312015006LGN00); it is possible
to enter multiple Product IDs separated by comma or semicolon (e.g. LC81910312015006LGN0O,
LC81910312013224LGN0OO ); filter is applied to resulting products in the search area;

o Find @ find the products in the search area; results are displayed inside the table in Product
list (page 57); results are added to previous results;

° (_ Add OpenStreetMap to the map: this button allows for the display of OpenStreetMap tiles

(© OpenStreetMap contributors) in the QGIS map as described in https://wiki.openstreetmap.
org/wiki/QGIS . The cartography is licensed as CC BY-SA (Tile Usage Policy );

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

Product list

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

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

— Product: the product name;

— ProductID: the product ID;

— AcquisitionDate: date of acquisition of product;

— CloudCover: percentage of cloud cover in the product;

— Zone/Path: the zone or WRS path depending on the product type;

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

— min_lat: minimum latitude of the product;
— min_ lon: minimum longitude of the product;
— maz_lat: maximum latitude of the product;

— maz_lon: maximum longitude of the product;
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Collection/Size: collection code or size depending on the product type;

Preview: URL of the product preview;

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

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

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

. : remove highlighted images from the list;

e — ¥: remove all images from the list;

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

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

Download

Download the products in the Product list (page 57). During the download it is recommended not to
interact with QGIS.

° ) Only if preview in Layers: if checked, download only those images listed in Product list
(page 57) which are also listed in the QGIS layer panel;

o Preprocess images: if checked, bands are automatically converted after the download, according
to the settings defined in Landsat (page 59);

) (& Load bands in QGIS: if checked, bands are loaded in QGIS after the download;

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

RUN 3 : start the download process of all the products listed in Product list (page 57);

Download options

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

° Ld Band X: select bands for download;

&

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

I

e \—: select or deselect all bands;

3.4.4 Preprocessing

The tab [-’ Preprocessing provides several tools for data manipulation which are useful before the
actual classification process.
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Sentinel-2 bands

v 1 |2 v 3 v 4 |v) 5 v 6 (w] 7 E
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v/12  |v/13 v/ 14 |v/15 (v 16 |v/17 (v 18 |v 19 v 20 (v 21 v Andlarydata

Download

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

Landsat

Fig. 20: . Download options

This tab allows for the conversion of Landsat 1, 2, and 3 MSS and Landsat 4, 5, 7, and 8 images
from DN (i.e. Digital Numbers) to the physical measure of Top Of Atmosphere reflectance (TOA), or
the application of a simple atmospheric correction using the DOS1 method (Dark Object Subtraction
1), which is an image-based technique (for more information about the Landsat conversion to TOA and
DOSI correction, see [lepepaxynor srimka y snauenns sidousanvrocmi (page 139)). Pan-sharpening is
also available; for more information read ITanzpomamuune 06’ednanna (page 136).

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

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

Landsat conversion to TOA reflectance and brightness temperature

Directory containing Landsat bands E. : open a directory containing Landsat bands; names of

Landsat bands must end with the corresponding number; if the metadata file is included in this
directory then Metadata (page 60) are automatically filled;

Select MTL file - : if the metadata file is not included in the Directory containing Landsat

bands, select the path of the metadata file in order to fill the Metadata (page 60) automatically;

L!:I Brightness temperature in Celsius: if checked, convert brightness temperature to Celsius (if a

Landsat thermal band is listed in Metadata (page 60)); if unchecked temperature is in Kelvin;

L!r-‘l Apply DOS1 atmospheric correction: if checked, the Kopexuis DOSI (page 140) is applied to

all the bands (thermal bands excluded);
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, Landsat ‘ Sentinel-2 | ' Sentinel-3 | K ASTER | S% MODIS | H Vector to raster | % Clip multiple rasters

Landsat conversion to TOA reflectance and brightness temperature

Directory containing Landsat bands |

o

Select MTL file |

| Brightness temperature in Celsius

| Apply DOS1 atmospheric correction || only to blue and green bands || Use NoData value 0 o |
|| Perform pansharpening (Landsat 7 or 8)
|| Create Band set and use Band set tools | | Add bands in a new Band set
Metadata
; : —_—
Satellite Date {YYYY-MM-DD) Sun elevation | Earth sun distance |
Band RADIANCE_MULT RADIANCE_ADD : REFLECTANCE MULT : REFLECTANCE ADD @ RADIANI
L ) J <>
Run

rn &

Fig. 21: a Landsat

L!r-‘l only to blue and green bands: if checked (with Apply DOSI atmospheric correction also

checked), the Kopexuizn DOS1 (page 140) is applied only to blue and green bands;

I&ﬂ Use NoData value (image has black border) [1_31 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);

I&ﬂ Perform pan-sharpening: if checked, a Brovey Transform is applied for the [Tanzpomamumme

06’ednanns (page 136) of Landsat bands;

Ld Create Band set and use Band set tools: if checked, the Band set is created after the conversion;

also, the Band set is processed according to the tools checked in the Band set (page 41);

Metadata

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

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

e Date | T date acquired (e.g. 2013-04-15);

Sun elevation ['l_{ﬂ Sun elevation in degrees;

o Earth sun distance | 'v); Earth Sun distance in astronomical units (automatically calculated if

Date is filled;

. : remove highlighted bands from the table Metadata;
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e == Metadata: table containing the following fields;
— Band: band name;
— RADIANCE MULT: multiplicative rescaling factor;
— RADIANCE ADD: additive rescaling factor;
— REFLECTANCE MULT: multiplicative rescaling factor;
— REFLECTANCE ADD: additive rescaling factor;
— RADIANCE MAXIMUM: radiance maximum;
— REFLECTANCE MAXIMUM: reflectance maximum;
— K1 _CONSTANT: thermal conversion constant;
— K2 CONSTANT: thermal conversion constant;
— LMAX: spectral radiance that is scaled to QCALMAX;
— LMIN': spectral radiance that is scaled to QCALMIN;
— QCALMAX: minimum quantized calibrated pixel value;
— QCALMIN: maximum quantized calibrated pixel value;

Run

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

Sentinel-2

This tab allows for the conversion of Sentinel-2 images Level-1C to the physical measure of Top
Of Atmosphere reflectance (TOA), or the application of a simple atmospheric correction using the
DOS1 method (Dark Object Subtraction 1), which is an image-based technique (for more information
about conversion to TOA and DOS1 correction, see [lepepazynok srimka y 3nauernns 6idousaivHocmi
(page 139)). This tool can also convert Sentinel-2 images Level-2A from DN to reflectance values.

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

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

Sentinel-2 conversion

e Directory containing Sentinel-2 bands J : open a directory containing Sentinel-2 bands; names
of Sentinel-2 bands must end with the corresponding number; if the metadata file is included in
this directory then Metadata (page 62) are automatically filled;

e Select metadata file ﬂ : select the metadata file which is a .xml file whose name contains
MTD_MSIL1C);
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Postprocessing
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B Band calc — et

Metadata
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Band : Quantification value : Solar irradiance

Z[5 user manual

{s} Online help
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Run

rn &

Fig. 22: ‘ Sentinel-2

L!r-‘l Apply DOS1 atmospheric correction: if checked, the Kopexuis DOSI (page 140) is applied to
all the bands;

. L!r-‘l only to blue and green bands: if checked (with Apply DOSI atmospheric correction also
checked), the Koperuin DOS1 (page 140) is applied only to blue and green bands;

° IE:J Use NoData value (image has black border) [1_31 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);

° IE:J Create Band set and use Band set tools: if checked, the active Band set is created after the
conversion; also, the Band set is processed according to the tools checked in the Band set (page 41);

° If-‘l Add bands in a new Band set: if checked, bands are added to a new empty Band set;

Metadata

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

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

. : remove highlighted bands from the table Metadata;
=l
o =l Metadata: table containing the following fields;

— Band: band name;
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— Quantification value: value for conversion to TOA reflectance;

— Solar irradiance: solar irradiance of band;

Run

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

Sentinel-3

af Band set

= Basic tools

#» Band processing
Postprocessing
Band calc

% Batch

# Settings

[/ About

[z User manual

{} online help

& Download products

Support the SCP

Semi-Automatic Classification Plugin | & = B 5

, Landsat | ‘ Sentinel-2 'Santinal-B | R ASTER | % MODIS | H Vector to raster | ‘% Clip multiple rasters |)|

Sentinel-3 conversion

Directory containing Sentinel-3 bands |

<> [‘:

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

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

Metadata

Satellite Product

Band

Run

ron &

Fig. 23: ' Sentinel-3

This tab allows for the conversion of Sentinel-3 images (OL_1 EFR) 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 informati-
on about conversion to TOA and DOS1 correction, see Ilepepaxyror 3nimka y 3HaA4EHHA 6100UCAND-
nocmi (page 139)). The following ancillary data are required for conversion: instrument_data.nc ,

geo_coordinates.nc , tie_geometries.nc .

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

WARNING: Sentinel-3 bands are reprojected to WGS 84 coordinate system using a sample
of pixels from the file geo coordinates.nc . For the best precision you should use the official

SNAP tool (see http://step.esa.int).
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Sentinel-3 conversion

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

° . Apply DOS1 atmospheric correction: if checked, the Koperuisn DOSI (page 140) is applied to
all the bands;

° ~ only to blue and green bands: if checked (with Apply DOS1 atmospheric correction also
checked), the Kopexuin DOS1 (page 140) is applied only to blue and green bands;

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

. L Create Band set and use Band set tools: if checked, the Band set is created after the conversion;
also, the Band set is processed according to the tools checked in the Band set (page 41);

Metadata

All the bands found in the Directory containing Sentinel-3 bands are listed in the table Metadata.
o Satellite T satellite name (e.g. Sentinel-3A);

e Product |_T): product name (e.g. OLCI);

° : remove highlighted bands from the table Metadata;
!_I_I_I_

e == Metadata: table containing the following fields;

— Band: band name;

Run

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

ASTER

This tab allows for the conversion of ASTER L1T images 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 DOSI correction, see Ilepepazyrok snimka y snauenns sidousanvrocmi (page 139)).

Once the input is selected, available bands are listed in the metadata table.
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Fig. 24: ﬁ ASTER

Select file ASTER L1T -: select an ASTER image (file .hdf);

Lf-‘l Apply DOS1 atmospheric correction: if checked, the Kopexuis DOSI (page 140) is applied to

Ld only to green band: if checked (with Apply DOS1 atmospheric correction also checked), the

Kopexuyin DOS1 (page 140) is applied only to green band;

L:rJ Use NoData value (image has black border) m if checked, pixels having NoData value are

not counted during conversion and the DOS1 calculation of DNmin; it is useful when image has a
black border (usually pixel value = 0);

L:rJ Create Band set and use Band set tools: if checked, the Band set is created after the conversion;

also, the Band set is processed according to the tools checked in the Band set (page 41);

Metadata

All the bands found in the Select file ASTER L1T are listed in the table Metadata. For information
about Metadata fields visit the ASTER page .

o Date |_T: date acquired (e.g. 20130415);

. l"‘ . .
o Sun elevation | '~!: Sun elevation in degrees;

e Earth sun distance | '~': Earth Sun distance in astronomical units (automatically calculated if

Date is filled,;
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o UTM zone .[.-E]l: UTM zone code of the image;

e UPPERLEFTM .[._1]-: coordinates of the upper left corner of the image;

° : remove highlighted bands from the table Metadata;

e i Metadata: table containing the following fields;

— Band: band name;

— UnitConversionCoeff: value for radiance conversion;

— PizelSize: solar irradiance of band;

Run

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

MODIS

Semi-Automatic Classification Plugin e =3

#f Band set

= Basic tools

> Band processing
Postprocessing
B Band calc

% Batch

X settings

[ About

Z[5 user manual
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MODIS conversion

Select file MODIS (hdf) | 1
/| Reproject to WGS 84 | Use NoData value 909 5

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

Metadata

Band : UnitConversionCoeff

Run

rn &

Cn
Fig. 25: E) MODIS

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

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

Select file MODIS ﬂ: select a MODIS image (file .hdf);
° ] Reproject to WGS 84 if checked, reproject bands to WGS 84, required for use in SCP;

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

° o Create Band set and use Band set tools: if checked, the Band set is created after the conversion;
also, the Band set is processed according to the tools checked in the Band set (page 41);

Metadata

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

e ID| T 1D of the image;

° : remove highlighted bands from the table Metadata;

e i Metadata: table containing the following fields;
— Band: band name;

— UnitConversionCoeff: value for conversion;

Run

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

Vector to raster

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

e Select the vector | —.: select a vector already loaded in QGIS;

° o : refresh layer list;

° L Use the value field of the vector | __I: 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;

° L. Use constant value | '™ : if checked, the polygons are converted to raster using the selected
constant value;

W

Select the type of conversion | Y!: select the type of conversion between Center of pixzels and All p

— Center of pizels: during the conversion, vector is compared to the reference raster; output
raster pixels are attributed to a polygon if pixel center is within that polygon;
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Fig. 26: H Vector to raster

— All pizels touched: during the conversion, vector is compared to the reference raster;

output raster pixels are attributed to a polygon if pixel touches that polygon;

e Select the reference raster —>I: select a reference raster; pixels of the output raster have the same

size and alignment as the reference raster;

° 0 : refresh layer list;

Run

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

Clip multiple rasters

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

or a boundary defined with a vector.

Raster list

: refresh layer list;

G

: select all the rasters;

[I-I.
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Fig. 27: % Clip multiple rasters

Clip coordinates

Set the Upper Left (UL) and Lower Right (LR) point coordinates of the rectangle used for clipping; it
is possible to enter the coordinates manually. Alternatively use a vector.

o ULX “_.\ﬂ: set the UL X coordinate;
e ULY [1_"}] set the UL Y coordinate;
e LR X [1_.‘ﬂ: set the LR X coordinate;

e LRY [Tiﬂ set the LR Y coordinate;

e N
e “~ Show: show or hide the clip area drawn in the map;

° E: 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;

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

° L Use vector field for output name |—1: 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;

. Ia':] Use temporary ROI for clipping: if checked, use a temporary ROI (see Ilepeair cuenamyp ROI
(page 29)) for clipping; UL and LR coordinates are ignored;

. 0 : refresh layer list;

3.4. Main Interface Window 69



Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

° E-J NoData value | 1% : if checked, set the value for NoData pixels (e.g. pixels outside the clipped

area);

o Qutput name prefic L T]. set the prefix for output file names (default is clip);

Run

o RUN 3 : choose an output destination and clip selected rasters; only rasters selected in the

Raster list (page 68) are clipped and automatically loaded in QGIS;

Split raster bands

& Download products

> Band processing
Postprocessing
Band calc

% Batch

X settings
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Z[E User manual
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M Nans! et s Sg clip multipl #); spii bands | =& stack bands | Y Mosaic band £ Cloud maski
ster Clip multiple rasters y Split raster bands | = Stack raster bands Mosaic band sets Cloud masking | <
= Basic tools e

Select a multiband raster

Qutput name prefix

split

Run

an &

Fig. 28: "‘ Split raster bands

Split a multiband raster to single bands.

Raster input

e Select a multiband raster |—*I: select a multiband raster already loaded in QGIS;

° 0 : refresh layer list;

o QOutput name prefic T set the prefix for output file names (default is split);
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Run

e RUN s : choose the output destination and split selected raster; output bands are automatically
loaded in QGIS;

Stack raster bands

Semi-Automatic Classification Plugin

[FrSe xS

#f Band set
= Basic tools

& Download products

2> Band processing
Postprocessing
Band calc

% Batch

# Settings

[7 About

[z User manual

{3} Online help

Support the SCP

ster | % Clip multiple rasters 'k Split raster bands E Stack raster bands

a Maosaic band sets | g Cloud masking | <

Stack band set

Select input band set E

Run

an §

Fig. 29: = Stack raster bands

Stack raster bands into a single file.

Raster list

° 0 : refresh layer list;

—

o " select all the rasters;

Run

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

Mosaic band sets

This tool allows for the mosaic of band sets, merging the corresponding bands of two or more band sets
defined in the Band set (page 41). An output band is created for every corresponding set of bands in the
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#f Band set

= Basic tools

& Download products
> Band processing
Postprocessing
Band calc

% Batch

24 Settings

[7 About

Z[5 user manual

{s} Online help

Support the SCP

g Cloud masking | <

'% Clip multiple rasters '}' Split raster bands = stack raster bands a Mosaic band sets

ster

Mosaic of band sets

Band set list | 1,2

<>

| Use NoData value 0

Qutput name prefix mosaic

Run

rn &

band sets.

Fig. 30: u Mosaic band sets

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

Mosaic of band sets

e Band set list |_T .: list if band sets defined in the Band set (page 41); in case of overlapping images,
the pixel values of the first band set in the list are assigned.

° L!r-‘l Use NoData value ' '~ : if checked, set the value of NoData pixels, ignored during the calculati-

on;

o Qutput name prefix Tl set the prefix for output file names (default is mosaic);

Run

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

Cloud masking

This tool allows for cloud masking, based on the values of a raster mask, creating an output masked
band for each band of the Band set (page 41). NoData is set in all the bands of the Band set (page 41)
for pixels corresponding to clouds.
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& Download products Select input band set E
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> Band processing
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[ About

Z[5 user manual

{s} Online help

Support the SCP

Run

rn &

oy
Fig. 31: g Cloud masking

Mask of band set

o Select input band set [1_.‘ﬂ: select the input Band set (page 41) to be masked;

e Select the classification | _¥I: select a classification raster (already loaded in QGIS) which contains
a cloud class;

° 0 : refresh layer list;

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

° Ld Use buffer of pizel size [1_.‘ﬂ: if checked, a buffer is created for masked area, corresponding
to the defined number of pixels; this can be useful to dilate masked area in case the mask doesn’t
cover the thinner border of clouds;

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

o Qutput name prefic L_T]. set the prefix for output file names (default is mask);

Run

o RUN s : select an output directory and start the mask process;
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3.4.5 Band processing

The tab E Band processing provides several functions that can be applied to the Band set (page 41).

Band combination

Semi-Automatic Classification Plugin e o Bl Ed

a¢ Band set

!Band combination *{2 PCA | Efj Clustering :é; Spectral distance

= Basic tools

Input
& Download products ¢

Combination of band values

[+ Preprocessing

Select input band set (of classifications) 1
- Band processing

& Postprocessing

~

Band calc
% Batch
2 Settings
[7 About

[ User manual

{8} Online help

Run

Support the SCP BUN s

Output

Fig. 32: E Band combination

This tab allows for the combination of bands loaded in a Band set (page 41). This tool is intended for
combining classifications in order to get a raster where each value corresponds to a combination of class
values. A combination raster is produced as output and the area of each combination is reported in an
text file.

Combination of band values
o Select input band set (of classifications) U190 select the input Band set (page 41);

Run

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

PCA

This tab allows for the PCA (Ananiz 2onosruz xomnonerm (page 135)) of bands loaded in the Band set.
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= Basic tools

& Download products
= Preprocessing
Postprocessing
Band calc

% Batch

2 settings

[7 About

[ User manual

4%} online help

Support the SCP

Semi-Automatic Classification Plugin e Bl 2

! Band combination ﬂ:;_ PCA | Eii Clustering :ﬁ: Spectral distance

Input

Principal Components Analysis of band set

Select input band set E

__| Number of compenents | 2 o

| | Use NoData value 0 “
Run

o &

Output

L
Fig. 33: PCA

Principal Component Analysis of Band set

e Select input band set w1 select the input Band set (page 41);

° Ld Number of components vl if checked, set the number of calculated components; if unchecked,
all the components are calculated;

. Ld Use NoData value | 1% : if checked, set the value of NoData pixels, ignored during the calculati-

on;

Run

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

Clustering

This tab allows for the Clustering (page 137) of a Band set (page 41). In particular, K-means (page 137)
and ISODATA (page 137) methods are available.
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\»/ Seed signatures from band values | | Use Signature list as seed signatures | Use random seed signatures
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Run

v &

Output

Fig. 34: EF Clustering
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Clustering of band set

Seed

Run

Select input band set el select the input Band set (page 41);

Method = K-means = ISODATA: select the clustering method K-means (page 137) or
ISODATA (page 137);

™ Distance threshold : 1".: if checked, for K-means: iteration is terminated if distance is lower
than threshold; for ISODATA: signatures are merged if distance is greater than threshold;

Number of classes | %I number of desired output classes;
Maz number of iterations | '~ : maximum number of iterations if Distance threshold is not reached;

ISODATA mazx standard deviation | 1V.: maximum standard deviation considered for splitting a
class, for ISODATA algorithm only;

1

ISODATA minimum class size in pizels i : desired minimum class size in pixels, for ISODATA

algorithm only;

I Use NoData value | 1% if checked, set the value of NoData pixels, ignored during the calculati-
on;

signatures

':’ Seed signatures from band values 2 Use Signature list as seed signatures 2 Use random
seed signatures: select one options for seed signatures that start the iteration; the option Seed
signatures from band values divides the spectral space of the Band set (page 41) to get spectral
signatures; the option Use Signature list as seed signatures uses the spectral signatures checked in
Iepenir cuznamyp ROI (page 29); the option Use random seed signatures randomly selects the
spectral signatures of pixels in the Band set (page 41);

L ] L ]
Distance algorithm =" Minimum Distance = Spectral Angle Mapping: select Minimanvroi 6io-
cmani (page 126) or * Kapmoepagdysarns cnexmpanvrozo kyma (page 129) for spectral distance
calculation;

L Save resulting signatures to Signature list: if checked, save the resulting spectral signatures in
the Ilepenir cuenamyp ROI (page 29);

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

Spectral distance

This tab allows for calculating the spectral distance between every corresponding pixel of two band sets.
The output is a raster containing the spectral distance of each pixel. Optionally, a threshold can be
defined for creating a binary raster of values below and above the threshold.
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& Download products Select first input band set 1 2
[= Preprocessing R
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" Distance algorithm & Minimum Distance . Spectral Angle Mapping
Postprocessing z :
|v| Distance threshold 0.1000000 e
E Band calc )
%) Batch
2 settings
[/ About
[£ User manual
4%} Online help
Support the SCP
Run
o
2= .
Fig. 35: = & Spectral distance
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Spectral distance of band sets

e Select first input band set Ivl: select the first input Band set (page 41);

o Select second input band set w1 select the second input Band set (page 41);

I .
e Distance algorithm “= Minimum Distance =" Spectral Angle Mapping: select Mirimanrvroi 6i0-
cmani (page 126) or * Kapmoepagdysarns cnexmpanvrozo xyma (page 129) for spectral distance
calculation;

° IE:J Distance threshold | v 1. if checked, a binary raster of values below and above the threshold
is created;

Run

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

3.4.6 Postprocessing

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

Accuracy

Semi-Automatic Classification Plugin [CERRZR

Band set
- E Accuracy | m Land cover change | m Classification report | - Cross classification | H)

= Basic tools
Input
4 Download products 2

Accuracy assessment

[= Preprocessing
Select the classification to assess

> Band processing

- Postprocessing Select the reference vector or raster

Band calc Vector field |

G (G

) Batch
2 settings
[7 About

:[5 User manual

{3} online help

Run

Support the SCP RUIN s

QOutput

Fig. 36: & Accuracy
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This tab allows for the validation of a classification (read Ouinra mounocmi (page 134) ). 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.

Input

o Select the classification to assess —¥.: select a classification raster (already loaded in QGIS);

° 0 : refresh layer list;

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

° o : refresh layer list;

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

Run

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

Land cover change

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

Input

v

Select the reference classification —I: select a reference classification raster (already loaded in

QGIS);

) 0 : refresh layer list;

Select the new classification |_I: select a new classification raster (already loaded in QGIS), to
be compared with the reference classification;

. 0 : refresh layer list;
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Fig. 37: n Land cover change

° L!r-‘l Report unchanged pizels: if checked, report also unchanged pixels (having the same value in
both classifications);

Run

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

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).

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

. 0 : refresh layer list;

° I&ﬂ Use NoData value m if checked, NoData value will be excluded from the report;
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Fig. 38:

e RUN 3 : choose the output destination and start the calculation; the report is saved in a text
file and displayed in the tab Qutput;

Cross classification

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

The output is a cross raster 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 separated by tab) is created with the same name

defined for the .tif file.

Input

o Select the classification —¥1: select a classification raster (already loaded in QGIS);

° 0 : refresh layer list;

) Ia':] Use NoData value rﬁﬂ: if checked, NoData value will be excluded from the calculation;
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Fig. 39: k58 Cross classification

o Select the reference vector or raster ¥ select a raster or a vector (already loaded in QGIS), used
as reference layer;

. 0 : refresh layer list;

o Vector field |~ if a vector is selected as reference, select a vector field containing numeric class
values;

Run

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

Class signature

This tab allows for the calculation of the mean spectral signature of each class in a classification using
a Band set (page 41).

o Select the classification |—*1: select a classification raster (already loaded in QGIS);

° 0 : refresh layer list;

e Select input band set vl select the input Band set (page 41) for spectral signature calculation;
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Fig. 40: * Class signature

° L:rJ Save resulting signatures to Signature list: if checked, save the resulting spectral signatures to
Iepenix cuenamyp ROI (page 29);

Run

e RUN s : choose the output destination and start the conversion;

Classification to vector

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

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

. 0 : refresh layer list;

Symbology

. M-J Use code from Signature list . >!: if checked, color and class information are defined from ITep

— MC ID: use the ID of macroclasses;

— C ID: use the ID of classes;
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Fig. 41: H Classification to vector

e RUN s : choose the output destination and start the conversion;

Reclassification

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

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

° 0 : refresh layer list;

Values

° L!:I calculate C ID to MC' ID wvalues: if checked, the reclassification table is filled according to the

Hepenir cuenamyp ROI (page 29) when Calculate unique values

e Calculate unique values

table;

[IEEEr |

)

is clicked;

>

: calculate unique values in the classification and fill the reclassification

e == Values: table containing the following fields;
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Fig. 42: g Reclassification

— Old value: set the expression defining old values to be reclassified; 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 101) ), following Python operators (e.g.
raster > 3select all pixels having value > 3 ; raster > 5 | raster < 2select all pixels
having value > 5 or < 2 ; raster >= 2 & raster <= 5 select all pixel values between 2

and 5);

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

° + : add a row to the table;

° : remove highlighted rows from the table;

Symbology

° M-J Use code from Signature list . ~I: if checked, color and class information are defined from Ilep

— MC ID: use the ID of macroclasses;

— C ID: use the ID of classes;
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Run

e RUN 3 : choose the output destination and start the calculation; reclassified raster is loaded in
QGIS;

Edit raster

=f Band set

| H Classification to vector | g Reclassification Edit raster
= Basic tools

& Download products Select the input raster

Semi-Automatic Classification Plugin L3 o B8R

ﬁ Classification sieve |¢ |)|

[= Preprocessing

Edit raster values

%> Band processing .*  Edit values using ROI polygons

-+ Postprocessing

. Edit values using a vector |

Band calc Edit options

% Batch || Use the value field of the vector |

# Settings || Use constant value 0 o

Lol || Use expression | where(raster == 1, 2, raster)
Z[z User manual

{3} online help

Run

Support the SCP

&J RUN 3

Fig. 43: Edit raster

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

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

This tool can rapidly edit large rasters, especially when editing polygons are small, because pixel values
are edited directly. In addition, the ITaneav pedazysanna SCP (page 111) is available for easing the raster
editing using multiple values.

o Select the input raster |__>I: select a raster (already loaded in QGIS);

° 0 : refresh layer list;

Edit raster values

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

3.4. Main Interface Window 87



Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

v

L]
o ' FEdit values using a vector \_.: if checked, raster is edited using all the polygons of selected
vector;

. o : refresh layer list;

Edit options

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

° L' Use constant value '~ : if checked, raster is edited using the selected constant value;

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

Run

e = undo the last raster edit (available only when using ROI polygons);
e RUN s: edit the raster;

Classification sieve

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

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

° o : refresh layer list;

e Size threshold ' '~ size of the patch to be replaced (in pixel unit); all patches smaller the the
selected number of pixels will be replaced by the value of the largest neighbour patch;
e Pixel connection —': select the type of pixel connection:
— 4:in a 3x3 window, diagonal pixels are not considered connected;

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

Run

e RUN s : choose the output destination and start the calculation;
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Fig. 44: ! Classification sieve
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Fig. 45: . Classification erosion
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Classification erosion

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

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

. 0 : refresh layer list;

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

o Size in pizels [T{ﬂ number of pixels to be eroded from the border;
e Pizel connection —!: select the type of pixel connection:
— 4:in a 3x3 window, diagonal pixels are not considered connected;

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

Run

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

Classification dilation

Semi-Automatic Classification Plugin L o B3

Band set . .
= Edit raster | E Classification sieve | ‘ Classification erosion

& Classification dilatior | <
= Basic tools

Classification dilation

B Select the classification 0

[= Preprocessing
Class values

#» Band processing

Size in pixels 1 o Pixel connection 4 v
- Postprocessing =

Band calc

% Batch

2 settings

[/ About

=z User manual

{3} online help

Run

Support the SCP

v @

Fig. 46: ﬁ Classification dilation
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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.

o Select the classification | 1: select a raster (already loaded in QGIS);

° 0 : refresh layer list;

e Class values T} 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;

o Size in pizels v !; number of pixels to be dilated from the border;
e Pixel connection —*!: select the type of pixel connection:
— 4:in a 3x3 window, diagonal pixels are not considered connected;

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

Run

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

3.4.7 Band calc

Semi-Automatic Classification Plugin | = E !
# Band set
= Basic tools Variable i Band name ;

4 Download products (&)

[= Preprocessing

&£ Band processing

7 12 Expression | {if; Decision rules
Postprocessing

Do oo

S Bateh =) (o) (sinJ {asin

X settings L) L) [ cos | | acos |

P st L4 1) (an | {stan

[z user manual =5 E where | | exp |

{3} online help in | [ n | nodata
Index calculation

Support the SCP

Qutput rastar

|| SetMoData O | Extent || Intersection | | same as | "Map extent v | e Align s

Fig. 47: ﬁ Band calc

The Band calc allows for the raster calculation for bands (i.e. calculation of pixel values) using
NumPy functions . Raster bands must be already loaded in QGIS. Input rasters must be in the same
projection.
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In addition, it is possible to calculate a raster using decision rules.

Band list

e i Band list: table containing a list of single band rasters (already loaded in QGIS);

— Variable: variable name defined automatically for every band (e.g. rasterl, raster2);

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

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

The expression can work with both Variable and Band name (between double quotes). Also, bands in the
Band set (page 41) can be referenced directly; for example bandset#b1 refers to band 1 of the Band set.
Double click on any item in the Band list (page 92) for adding its name to the expression. In addition,
the following variables related to Band set (page 41) the are available:

o «#BLUE#s5: the band with the center wavelength closest to 0.475 um,;

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

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

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

o #BANDSET#: the name of the first band in the Band set (page 41);

o #DATE#: the current date and time (e.g. 20161110 113846527764);

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

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

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

"rasterl" + '"raster2" @ calc_1
"raster3" - '"raster4" @ calc_2
The following buttons are available:
e +: plus;
e - minus;

e *: product;

/: ratio;

e ": power;
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e V: square-root;

e (: open parenthesis;

): close parenthesis;

e >: greater then;

<: less then;

e [n: natural logarithm;
e T pi;

e —=:equal;

e /=: not equal;

e sin: sine;

® asin: inverse sine;

® (0s: cosine;

® acos: inverse cosine;
e tan: tangent;

e atan: inverse tangent;

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

e czp: natural exponential;

e nodata: NoData value of raster (e.g. nodata("raster1")); it can be used as value in the expression
(e.g. where("rasterl" == nodata("rasterl"), 0, "rasterl"));

Index calculation

Index calculation allows for entering a spectral index expression (see Cnexmpanvhi indexcu (page 136)).

v

e Index calculation ' >!: list of spectral indices:

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

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

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

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

Decision rules

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

Semi-Automatic Classification Plugin (RIS =T

Variable Band name

= Basic tools
4 Download products
[> Preprocessing

#» Band processing

2 Expression (il Decision rules

& Postprocessing

% Batch
# settings
[’ About

=[5 User manual

{3} Online help

=lcialolcicls

)

Support the SCP
i Qutput raster

| Extent || Intersection | | Same as | "Map extent v | \») Align

L_“J Set MoData O

v

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

B .. . .
e === Decision rules: table containing the following fields;

— Value: the value assigned to pixels if the Rule is true;

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

: move highlighted rule up;

: move highlighted rule down;

: add a new row to the table;

: delete the highlighted rows from the table;

: clear the table;

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

H;Pﬂl

: import rules from a text file;
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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.

. I&ﬂ Use NoData value [1_31 if checked, set the value of NoData pixels in output raster;

o Extent: if the following options are unchecked, the output raster extent will include the extents of :

— L!:I Intersection: if checked, the extent of output raster equals the intersection of input
raster extents (i.e. minimum extent);

- I:I:J Same as | —.: if checked, the extent of output raster equals the extent of «Map
extents> (the extent of the map currently displayed) or a selected layer;

e N
e = Align: if checked, and L‘—f-] Same as is checked selecting a raster, the calculation is performed
using the same extent and pixel alignment of selected raster;

e RUN s : if Expression is active and text is green, choose the output destination and start the
calculation based on Expression; if Decision rules is active and text is green, choose the output
destination and start the calculation based on Decision rules;

3.4.8 Batch

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

& Download products |accuracy

[-o Preprocessing ‘add_new_bandset

&> Band processing ‘add_raster -

Postprocessing \aster_conversion

‘band_calc

Band calc |
m P

2% settings \class_signature

[/ About fclass ification

Z[E User manual | classification_dilation

15} online help classification_erosion

rlassificatinn_renart v

@ @

S

Support the SCP

Run

Fig. 48: S Batch

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

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

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

Options must be separated by the character ; . Each function option represents an option in the
corresponding interface of SCP; option arguments of type text must be between the character ' ; in
case of checkboxes, the value 1 represents checked, while the value 0 represents unchecked. A new line
beginning with # can be used for commenting.

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

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

C

° % clear the expression;

° 1: export the batch expression to a file;

° l : import a previously saved batch expression from file;

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

o Accuracy (page 79): calculate accuracy (accuracy;classification_file_path : 5
reference_file_path : '';shapefile_field_name : '';output_raster_path : '');

e ASTER (page 64): ASTER conversion (aster_conversion;input_raster_path :
'';celsius_temperature : O;apply_dosl : O;use_nodata : 1l;nodata_value : 0;

create_bandset : 1;output_dir : '');
e Band calc (page 91): band calculation (band_calc;expression : '';output_raster_path
'!;extent_same_as_raster_name : '';extent_intersection : 1;set_nodata :

O;nodata_value : 0);

e Band combination (page T74): band combination (band_combination;band_set : 1;

output_raster_path : '');
e Class signature (page 83): class signature (class_signature;input_raster_path : '';
band_set : 1;save_signatures : 1;output_text_path : '');

o Pesyavmam  kaacudirauii  (page  36):  perform  classification  (classification;
use_macroclass : Oj;algorithm_name : 'Minimum Distance';use_lcs : O;
use_lcs_algorithm : Oj;use_lcs_only_overlap : O;apply_mask : O;mask_file_path

'';vector_output : O;classification_report : O;save_algorithm_files : 0;
output_classification_path : '');

o Classification dilation (page 90): dilation of a classification (classification_dilation;

input_raster_path : '';class_values : '';size_in_pixels : 1;pixel_connection
: 4;output_raster_path : '');

e Classification erosion (page 90): erosion of a classification (classification_erosion;
input_raster_path : '';class_values : '';size_in_pixels : 1;pixel_connection
: 4;output_raster_path : '');

e Classification report (page 81): report of a classification (classification_report;
input_raster_path : '';use_nodata : O;nodata_value : O;output_report_path :

K
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o Classification sieve (page 88): classification sieve(classification_sieve;
input_raster_path : '';size_threshold : 2;pixel_connection : 4;
output_raster_path : '');

o Classification — to  wector (page 84): convert classification to vector
(classification_to_vector;input_raster_path : '';use_signature_list_code :
1;code_field : 'C_ID';output_vector_path : "ﬁ

o Clip multiple rasters (page 68): clip multiple rasters (clip_multiple_rasters;
input_raster_path : '';output_dir : '';use_shapefile : O;shapefile_path : '';
ul_x : '"';uly : '"';1r_x @ '';1r_y : '';nodata_value : O;output_name_prefix :
'clip');

e Cloud  masking  (page T72): cloud masking (cloud_masking;band_set : 1;
input_raster_path : '';class_values : '';use_buffer : 1;size_in_pixels :
1;nodata_value : O;output_name_prefix : 'mask';output_dir : '');

e Clustering (page 75): clustering (clustering;band_set : 1;clustering _method :
1;use_distance_threshold : 1;threshold_value : 0.0001;number_of_classes
10;max_iterations : 10;isodata_max_std_dev : 0.0001;isodata_min_class_size
10;use_nodata : O;nodata_value : O;seed_signatures : 1;distance_algorithm :

1;save_signatures : O;output_raster_path : '');

o Cross  classification  (page  82):  cross classification  (cross_classification;
classification_file_path : ''j;use_nodata : O;nodata_value : O;
reference_file_path : '';shapefile_field_name : '';output_raster_path : '');

o FEdit raster (page 87): edit raster values using a shapefile); (edit_raster_using_shapefile;
input_raster_path : '';input_vector_path : '';vector_field_name : '';

constant_value : O;expression : 'where(raster == 1, 2, raster)'ﬁ

e Land cover change (page 80): calculate land cover change (land_cover_change;

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

e Landsat  (page 59): Landsat conversion (landsat_conversion;input_dir : '';
mtl_file_path : '';celsius_temperature : O;apply_dosl : O;use_nodata : 1;
nodata_value : O;pansharpening : O;create_bandset : 1l;output_dir : '');

e MODIS (page 66): MODIS conversion (modis_conversion;input_raster_path : '';
reproject_wgs84 : 1;use_nodata : 1;nodata_value : -999;create_bandset : 1;
output_dir : '');

e PCA (page 74): Principal Component Analysis (pca;use_number_of_components : 0,
number_of_components : 2;use_nodata : 1;nodata_value : O;output_dir : "ﬁ

e Reclassification (page 85): raster reclassification (reclassification;input_raster_path

'';value_list : 'oldVal-newVal;oldVal-newVal';use_signature_list_code :
1;code_field : 'MC_ID';output_raster_path : '');

e Sentinel-2 (page 61): Sentinel-2 conversion (sentinel2_conversion;input_dir : '';
mtd_safllc_file_path : '';apply_dosl : O;use_nodata : 1;nodata_value : O;
create_bandset : 1;output_dir : '');

o Sentinel-3 (page 63): Sentinel-3 conversion (sentinel3_conversion;input_dir : '';
apply_dosl : 0O;dosl_only_blue_green : 1;use_nodata : 1;nodata_value : O;
create_bandset : 1;output_dir : '';band_set : 1%

e Spectral distance (page 77): spectral distance of band sets (spectral_distance;
first_band_set : 1;second_band_set : 2;distance_algorithm : 1;
use_distance_threshold : 1;threshold_value : 0.1;output_dir : "ﬁ

e Split raster bands (page 70): split raster to single bands (split_raster_bands;
input_raster_path : '';output_dir : '';output_name_prefix : 'split');

o Stack raster bands (page T71): stack rasters into a single file (stack_raster_bands;
input_raster_path : '';output_raster_path : '');

3.4. Main Interface Window 97



Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

e Vector to raster (page 67): convert vector to raster (vector_to_raster;vector_file_path

'';use_value_field : 1;vector_field_name : ''j;constant_value : 1;
reference_raster_path : '';type_of_conversion : 'Center of pixels';
output_raster_path : '');

In addition, the following functions are available:
e Add a new band set: add a new empty band set (add_new_bandset;);

o Add raster to QGIS: add a raster to QGIS (add_raster;input_raster_path : '';
input_raster_name : '');

e Create band set: create a Band set assigning bands (create_bandset;raster_path_list

'';center_wavelength : '';wavelength_unit : 1;multiplicative_factor : ;
additive_factor : '');

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

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

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

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

If a working directory is defined, !working_dir! can be entered in other functions where a path is requi-
red (e.g. add_raster;input_raster_path : 'lworking dir!/rasterl.tif';input_raster_name
'rasterl.tif'); An example of batch expression is:

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

add_raster;input_raster_path : '!working dir!/rasterl.tif';input_raster_name : 'rasterl.tif'
band_calc;expression : 'where("rasterl.tif" > 1, 1,0)';output_raster_path : '!working_ dir!/
—calcl.tif';set_nodata : 1;nodata_value : O

band_calc;expression : '"rasterl.tif" * "calcl.tif"';output_raster_path : '!working_dir!/calc2.

—tif';extent_intersection : O

Run

e RUN & : if text in the batch expression is green, start the batch processes;

3.4.9 Settings

The tab X Settings allows for the customization of SCP.

Processing

Classification process

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

&
. v Use virtual rasters for temp files : if checked, create virtual rasters for certain temporary
files, instead of creating real rasters; it is useful for reducing disk space usage during calculations;
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Semi-Automatic Classification Plugin (RIS =T

## Band set Processing

= Basic tools

Classification process

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

[> Preprocessing SMTP process notification

. | SMTP server |user | password
#» Band processing

7 +| remember
@ Postprocessing =

Band calc |+| Send email of completed process to
% Batch -

Available RAM (ME) 1024 §
F Temporary directory
About

Jtmp/semiautomaticclassification ’,__|
=[5 User manual QJ JJ
{3} Online help
Support the SCP
Interface
Debug

Fig. 49: Processing

a
. M-J Raster compression : if checked, a lossless compression (DEFLATE or PACKBITS) is
applied to raster outputs in order to save disk space; it is recommended to check this option,
however compressed files are sometimes larger than files without compression;

SMTP process notification

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

T F
o user T : the SMTP server user;

—_—
password [T : the SMTP server password;

T F]
Send email of completed process to L. : a list of addresses (separated by comma) to send
the notification email to;

RAM

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

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

3 - . _—
° : select a new temporary directory where temporary files are saved during processing;
the path to the current temporary directory is displayed; default is a system temporary directory;

e — X reset to default temporary directory;

Interface

Customization of the interface.

#f Band set

= Basic tools

& Download products

[-s Preprocessing

> Band processing

Postprocessing
B Band calc

% Batch
. Settings
About

= User manual

{3} Online help

Support the SCP

Semi-Automatic Classification Plugin | & = oE
Processing
Interface
Field names of training input
|MC 1D field |MC Info field |CID field | C Info field
MC_ID || MC_info CID C_info =

ROI color Transparency - - g

WVariable name for expressions (tab Reclassification and Edit raster)

Variable name  raster g‘

Temporary group name

Group name Class_temp_group | | ‘!

|| Download news on startup

Debug

Fig. 50: Interface

Field names of training input

Set the names of fields in the Bzodosi nasuanvni dani (page 26) . Changing field names should usually

be avoided.

o MC ID field | T

o MC Info field |

o CID field |2

o (' Info field @

’ : name of the Macroclass ID field (default is MC_ID);

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

F
: name of the Class ID field (default is C_ID);

: name of the Class Information field (default is C_info);
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CJ

° : reset field names to default;

ROI style
Change ROI color and transparency for a better visualization of temporary ROIs on the map.
a .
e ROI color : button for changing ROI color;
= .
o Transparency =~ : change ROI transparencys;

e — %: reset ROI color and transparency to default;

Variable name for expressions
Set the variable name used in expressions of the Reclassification (page 85) and Edit raster (page 87) .
-

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

° ¥ reset variable name to default;

Temporary group name

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

o Group name T : set group name (default is Class_temp_group);

° ¥ reset group name to default;

Dock

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

Debug

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

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

If you found a plugin error, please read fx s wmooicy nosidomumu npo nomuary? (page 237) .

Log file

|| a
° v Records events in a log file : if checked, start recording events in a Log file;

. 1: export the Log file (i.e. a .txt file);
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Semi-Automatic Classification Plugin (RIS =T

= Band set Processing
= Basic tools Interface
4 Download products Debug

[> Preprocessing Log file

&> Band processing | Record events in a Log file @ :‘

@ Postprocessing Date : Function i VEE
Band calc

% Batch

|§ About

=[5 User manual

{3} Online help

Support the SCP
Test

Test dependencies @‘

Fig. 51: Debug

L]

. : clear the content of Log file;

Test

o Test dependencies 2) test SCP dependencies (GDAL, GDAL subprocess, NumPy, SciPy,
Matplotlib, Internet connection); results are displayed in a window;

3.5 lpadpik cnekTpanbHUX cUrHaTyp

Bik#ao ['pagix cnexmparvrux cuenamyp BKIIOYAE JEKiIbKa (DYHKIHNA 1 BimoOpakeHHs 3HAYEHD CITe-
KTPAJIBHAX CUTHATYD sIK (DYHKIIH qoBxkuHN XBUil (BusHaveHol y Band set (page 41)). Curmarypn mo-
KYTh JOJABATHCH 70 I'padix cmekTpanbrux curaaTyp uepes [Taneasr SCP (page 25).

Bikuo I'paghix cnexkmpasvhur cuenamyp BKIIFOYAE TAKOXK JiesiKi (DYHKITT KOPUCHI JIJIsi BU3SHAYEHHsI Jliala-
30HIB 3HAYEHbD, 110 BUKOPUCTOBYIOThCA Kaacudirauis cuznamyp semnozo nokpusy (page 130) (mus. LCS
threshold (page 52)).

CurnaTypu, 10 TIEPETUHAIOTHCS (38 HAJEKHOCTI JI0 PISHUX KJaciB abo MaKpOKJIACIB), BULIEHO mOMa-
pandeBuM B Tabmuni Bidobpasumu Ilepeair cuznamyp (page 104); mepesipka nepetuny BiaOyBaeThCst

ua migicrasi MC ID a6o C ID BianoBisHO 10 HAJAIITYBAHHS 3aGCMOCYEAMU E—‘I MC ID E-J CID s

Anzopumm (page 35). Curarypu, 1o MEPETHHAIOTHCS Ta MAIOTh ineHTHaHnil ID, He BUIIAIOTHCA.
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' @ SCP: Spectral Signature Plot @' @ @

Cinfe ¢ Color

Fig. 52: I'paghix cnexmpasvHur cueHamyp
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3.5.1 Bigob6pasutu lMNepenik curHatyp

— S: moJie mepeMuKava; SIKIO apaMeTp YBIMKHEHO, TO CIIEKTPaJibHa CATHATYPa Bigobpa-
KAEThCs Ha rpadiky;

— MC ID: yuikajbpauit inmeaTudikaTop MaKpOKJIaCy CUTHATYPH;
— MC Info: xapakTepucTrKa MaKpOKJacCy CUTHATYPU;

— C ID: yuikajpHUl 171eHTU(IKATODP KJIACY CUTHATYPH;

— C Info: xapakTepucTuKa Kjaacy CATHATYDH;

— Konip [nepemun MC ID-C_ID]: xonip cWTHATYDH; TONATKOBO BimoOpayKaeThess KOMOI-
Hanis MC ID-C ID y sunajaky nepertuny 3 iHmmMmu curHarypamu (mus. Kaacudirauis
cuznamyp semnozo nokpusy (page 130));

— Miw B X: miniManbHe 3HadYeHHS KaHaJy X; Ile 3HAYEeHHS PEeJIaryeThCs;

— Maxc B X: MakcuMaJibHe 3HAYUEHHS KaHATY X; Ie 3HaYeHHs PeJaryeThCs;

) ! BUJIQJIUTH BUJILJIEHI CUTHATYPHU 3 TEPEJIKY;

° %: JI0AIaTH BUJLIEH] crieKTpaJsbhi curHarypu 1o [lepeaix cuenamyp ROI (page 29);

)
et

e "_n PO3paxyBaTH CIEKTPAJbHI Bi/ICTaHI CHEKTPAJBHUX CHUIHATYP, IO BiloOparkarThbCsd Ha Ipa-
diky; Bigcrani nosimomasgioThCa y BKaai Cnexmpanvii sidcmani (page 107);

ABTOMATM4YHI NOPOroBsi BENYNHN

ABTOMATHYHO IPU3HAYUTH [IOPOrOBi BEJIMUNHU JIJI CUTHATYP, BUJIIeHUX B Tabauui Bidoopasumu Ilepe-
aik cuznamyp (page 104); sIKIO ¥KOJJHA CUTHATYDA He BUJUIEHA, TO TIOPOrOBa BEJIMIMHA 3aCTOCOBYETHCS
JIO BCIX CHUTHATYD.

o Min Maxc . BCTAHOBUTH TOPOTOBY BEJMYUHY Ha IMiJICTaBl MIHIMyMy Ta MaKCHUMyMy KOKHOTO
KaHAJLY;
oo *llv : ABTOMATHYHO BCTAHOBUTH IIOPOIOBY BEJIMYHMHY, PO3PAXOBAHY K (3HAYEHH KAHAJLY

+ (o *v)), 1e o craHzapTHe BIIXUJIEHHS KOKHOIO KAHAJLY, 8 V BU3HAUEHE 3HAYCHHSI;
° E: BIJIMIHUTH OCTaHHI aBTOMATUYHI TOPOTOBI BEJTUYNHU;

Ha nidcmasi ROI E: BCTAHOBUTH IIOPOTOBY BEJIMYNHY HA IiJCTaBi 3HAYEHHb MiKCeJiB TUMYaCOBOI

[ ]
— = 4! gKImo yBIMKHEHO, TO ITOPOrOBa BEJIMYUHA CHTHATYPHU 301IBIIYETHCA IS BKIIIOTe-
HHSI CUTHATYDH TIKCEJIS;
— = —: gKmO yBIMKHEHO, TO TIOPOTOBA BEJIMYNHA CATHATYPH 3MEHIITYETHCS I BUKJIIO9e-
HHSI CUTHATYDU TKCEJIsT;
e Ha nidcmast nixceasn : BCTAHOBUTH IMOPOrOBY BEJIMYNHY KJIAIIAHHSIM Ha IIiKceJii, BiaAmoBigHO 10 1
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— == 4! gKmo yBIMKHEHO, TO OPOrOBa BEJUYUHA CUIHATYPU 301IbIIYEThC JIJIs BKIIOYE-
HHS CUTHATYDPH MiKCeJs;

— = —: gKIo yBIMKHEHO, TO TIOPOTOBA BEJMYNHA CATHATYPH 3MEHITYETHCA I BUKJIIOYe-
HHSI CUTHATYPH IIKCEJIs;

padik

Kuanuits jiBy KHONKY MUIIIKHU Ta 3aTHCHITH Ha 1MOJi OadenHst rpadika, mod mocyHyTu ioro. Bu-
KOPHCTOBYHiTe KOJIIIIATKO MUINKU I 3MEHINIeHHs Ta 306iibIeHHs noss bavenns rpadika. Kia-
IHITh IpaBy KHOMKY MWHIKHU Ta 3aTUCHITH Ha MOJ OadeHHs rpadika, 1mobd 30iJbIIUTH 1O TEBHOTO
dparmenra rpadika. Jlerenmay Bcepeauni rpadika MoKHa MePEMIIaTH 3a JOIOMOTOI0 MUIIKH.
Komanau rpadika:
L
e # WM aBTOMATHYHO JomnacyBaru rpadik /10 JaHux;

) t.: 36epertu pucynok rpadika y daiin (mocrynni dopmaru . jpg, .png, Ta .pdf);

AKTUBYBAaTHA KypCOp s iHTepaKTHBHOI 3MiHM Ha rpadiky Jaima3oHy 3HAYEHDb BiIiIeHUIX
CHTHATYP; KJIAIHITH Ha rpadiky, mod BCTAHOBUTHA MiHMiaJabHe Ta MAKCUMAaJIbHE 3HAYCHHS KAHATY
(TaKoXK JIs IEKIJIBKOX CUIHATYD OJHOYACHO); KYPCOD JI€aKTUBYETHCs, KOJIM BUXOUTD 38 MEXKI I10JIsI
Gauenns rpadika;

e —' Bidobpazumu diana3on 3nauens: SKIIO MApaMeTp YBIMKHEHO, TO JJIs KOYKHOI CUTHATYPH Bi-
06pazKaeThCsl 1iana30H 3HaUeHb (HAIIBIPO30POIO 0BJIACTIO);

o ' Jlinit xanaaie: AKIO MapaMeTp YBIMKHEHO, TO IJIs KOYKHOIO KaHAJy BiIoOparKaeThbCsa BEPTHU-
KaJIbHa JIiHist (IeHTpasbHA JIOBYKAHA XBUJIL);

e ' (imxka: 9KIO mapaMeTp YBIMKHEHO, TO BiIOOpParKa€ThCs CITKA;

o Maxcumym cumeonie v pusnauuTH MaKCHMAaJbHY JOBXKWHY TEKCTY B JIETEHJI;

e 2 y: BimoOpakaTu KOOPIAMHATH X ¥ KypPCOpa MUIIKHU BCEPEUHI o OadenHs rpadika;

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

1.2 1.5 1.8 2.1
Wavelength [pm {1 E-6m)]

Fig. 53: Cnexmpaavna cuenamypa: Ilpukxaad epagixa cnexmpasvrur cuzhamyp
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'@ SCP: Spectral Signature Plot ‘@ @' @

Fig. 54: Cnexmpanavha cuenamypa: Xapaxmepucmura cueHamyp
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XapaktepucTuka curHatyp

Bigobparkae XapaKTepUCTUKY CIIEKTPAIbHUX CUrHATYD (Hanpuksia, Josxkuny xsuii, 3uadenns ta Cran-
JapTHe BiaxuiieHHs1). Y BUIaJKy po3paxyHky curaaryp Ha ocuosi ROI BinoGparKkaerbcs TakoK po3mip
ROI (xinbkicrs mikcedis).

Plot
Signature details

MC_ID = 1 MC_info = Water C_ID = 1 C_info = Lake ROI_size = 10201 pixels

wavelength [E-6m][0.43 (056 [0.665 [0.705 [0.74 '0.783 |[0.BaZ [0.B65 ([1.61 219
Values 0.08748[0.0615 [0.03002 [0.02626 [0.02619 [0.02498][0.02078[0.020050. 00618000421
Standard deviation|0.00217]0.00232/0.00277 0.00277 [0.00273 0.00292(0.00272[0.003030.0028 [0.00252

| MCID = 2 MC_info = Built-up C_ID = 2 C_info = Buildings ROI_size = 160 pixels

(Wavelength [E.6ml[0.25 ~ .56 .865 o708 7t | T R e a AT ats
Values 0.31528 0.34507 0. 40855 [0.41648/)0,43712)[0.44923 [0.43654[0.46223 [0.636  0.6246

Standard deviation|0.08235 [0.09748 0.1231 [0.10352 0.10634/[0.10836 [0.13041 |0.105986 [0.16104/0.171

MC_ID = 3MC_info = Vegetation C_ID = 5 C_info = Deciduous trees ROI_size = 9194 pixels
Wavelength [E-6m]|0.45 P56  |0.665 p.705 |[0.74  |jo.783 |0.842 [0.865 N.61  [219
Values 0.07975 [0.07938 [0.04444 [0.10337 |[0.23965 [0.28138 |[0.27985 [0.30896 |0.15462 [0.07156
Standard deviation|0.00153 [0.00347 |0.00261 [0.00684 |0.02124 [0.02628 |[0.02727 [0.02864 |0,01191 0578

= | MCID = 3MC_info = Vegetation €_ID = 6 C_info = Crop ROI_size = 7292 pixels

wavelength [E-6m] [0.43  [0.55 0.665 |0.705 |0.74 |p.783 [0.842 |D.865 |[L.61 21
Values

standard deviation|0.00175 0.00273 0.00373 0.004594 0.01845/)0.03103 [0.03132|0.03304 [0.00572 0.00481

Spectral distances

Fig. 55: Cnexmpanvra cuenamypa: Ilpuxaad rapaxmepucmury cuzHamyp

CnekTpanbHi BigcraHi

Bigobpaxkae cuekrpasbhi Bigcrani curnaryp (mus. Bidoopasumu Ilepenir cuenamyp (page 104)), gaki €
KopucHuMHE st oninku Bigokpemuocti ROI (nus. Cnexmpasvna sidcmans (page 132)).
PospaxoByroTbcsi HACTYITHI ClIeKTpaJibHi BifcTaHi:

o Bidemany Torcedpica-Mauyycimu (page 132): gianason [0 = izenrnyni, 2 = BijgMiHHi|; KopucHa
3okpema fyist Kiacudikaiii Makcumanvhoi sipozidnocmi (page 127);

o Cnexmpanrvruti kym (page 133): niamazon [0 = imenTwani, 90 = BimMminHi|; KOpHCHa 30KpeMa
st knacudikanii Kapmozpagysanna cnexmpanvrozo xyma (page 129);

e Fskaidosa sidemans (page 133): KopucHa 30kpema jist Kiacudikarii Minimanivroi sidemarni
(page 126);

o [lodioricms Bpes-Kepmica (page 133): mianazon [0 = simminni, 100 = inenTwawi|; kopucua B
MiJIOMY;

fKimo curHaTypu JiyKe mMOJIi0OHI, TO 3HAYEHHS BilOOparKarThCsl YEPBOHUM.

3.6 padpik po3ciBy
Bikuao I'pagpix posciey Bimobparkae 3HAYCHHS MKCEJIB PACTPiB JBOX KAHAJIB K TOYKH y 2-BUMIPHOMY

npocropi. I'pacdiku posciBy kopucHi s oninoBanns Bimokpemuocti ROI mixk sBoMa KaHaaMu.

i dbyukmii okIanHO OIMCAHO B HACTYIHUX Iaparpadax.

3.6.1 llepenik pos3ciBy

3.6. Tpadik poscisy 107
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o SCP: Spectral Signature Plot Do ®

| Signature list

Fig. 56: Cnexmpaavha cuenamypa: Cnexmpanvhi eidcmani

Bl‘ﬁ_-(:l.ll'lls slmlla_rij !E! ﬁ? 95288?&113

_ f
i@&-ﬂ_ﬂlu"ﬁ alstanaﬁ 999999999 9
\ Spe al angle |31,7500209201

nce  1.00566895221
&'I!'-Cul’ti! similarity [%] 53 18659145551

e 0.88272738517
Bfl!'-l:l.ll'lls lll!l“laﬁ [‘i] 8.9113857176

Fig. 57: Cnexmpanavra cuenamypa: Ilpuxasad cnexmpasvrur sidcmanets
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2o SCP: Scatter Plot SIS
(s:iMciDi  MCinfo :cCiD: Cinfo : e - —

Scater raster

Fig. 58: I'pagpix poscisy

3.6. lpadik po3scisy 109



Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

— S: moste mepemMmuKava; SKIO MapaMeTp yBIMKHEHO, TO CIIEKTpaJibHa CHUTHATYpa Bimobpa-
JKAEThCH Ha Ipadiky;

— MC ID: yuikaspHUH i1eHTHMIKATOD MAKPOKJIACY CATHATYDH;
— MC Info: xapakTepucTHKa MaKPOKJIACY CUTHATYDH;

— C ID: yuikajpHuUil ieHTUGIKATOD KJIACY CUTHATYPH;

— C Info: xapakTepucTuKa Kjacy CUTHATYPH;

— Kounip: mojie KOJIbOPY; ABiYl KJIAIHITD [I1si BUOOPY KOJIBLOPY Ha rpadika;
e Kanan X ' 'W: kanan X rpadixka;

e Kanan Y | 'V: xanan Y rpadika;

e = Tounicmo | Y|: BUKOPUCTOBYBATH Il PO3PAXyHKIB HETUIOBY TOYHICTH (TOYHICTH ITOBUHHA BCT:

- 4=10""*

- 3=10"3

-2=10"7

- 1=10""

-0=1

--1=10

— -2 = 102

- -3=10%
e Posparysamu 2) pospaxysaru rpadik posciBy st ROl yBIMKHEHNX B IEPeJIKY;
° - ! BUJIQJTUTHU BUJIIJIEH] CUTHATYPHU 3 TEPEITIKY;

; ¥
. :‘f'......: JojaTu TuMYacoBuil rpadik poscisy mo nepeiniky (ax MC Info = tempScatter) Ta posio-
yaTu po3paxyHok rpadika jisg ocranubol Tumaacosol ROI (mus. Po6oua naneav (page 36));

° E nozaTu TuMvacoBuil rpadik posciBy 1o nepeiniky (sax MC Info = tempScatter) Ta posio-
JaTh pO3pPaxyHOK TIpadika /I MKCeTiB OXOIIEHHsT MTOTOYHOTO BiT0OpasKeHHST;

° @: JozaTu TuMvacoBuil rpadik poscisy o nepeiniky (ax MC Info = tempScatter) Ta posio-
9aTh PO3PaxyHOK rpadika /s BCbOTO 3HIMKA;

SACTEPEZ2KEHHS: Buxopucrants 3aHaJITO BHUCOKOTO 3HAYMEHHS TOYHOCTI MOXKeE
IPU3BECTH JI0 YIOBLIbHEHHsT a0 HEBJAJIOl ClIpoOU pO3pPaXyHKY.

Pactp poscisy

Ileit imcTpymenT 3abe3metdye OKpeCTIOBAHHS MOJITOHIB BiOopy Bcepeauui rpadika po3ciBy; Il MOIITOHI
BUKOPHUCTOBYIOTHCS JJIst CTBOpeHHS Pacmp poscisy, sKuil sB€ COO0I0 THMYACOBUI PACTD 3HAUEHHS SKOTO
Ky1acuikoBaHO BiJIOBIIHO /10 TIepeTuHy rpadikiB po3ciBy Ta OKPECJIECHUX IOJITOHIB.

Ilikceni active band set ximacudikyOThCs BIAIOBIIHO 10 KaHAIIB rpadika po3ciBy, SKINO 3HAYEHHS ITi-
KCeJIiB 3HAXOJAThCA B Jllana30Hi epeTury Mizk rpadikaMu po3ciBy Ta mosironaMu Bigbopy (moJironu me
[OBUHHI [IEPETHHATUCD). SHAYEHHS, [0 IPU3HAYAIOTHC IiKcessaM Scatter raster, e IOPsSIKOBUN HOMED
roJiiroHa BiOOPY; KOJip pacTpa TaKOXK BiAMOBi/aE MOJIroHy BimbOOpY.
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Ilicist crBopenust HoBoro Pacmp poscisy, crapi pactpu B nasesi mapis QGIS mepeMilnyroTbes 10 rpynu
Class_temp_group (cTanmapTHe iM’sl Tpynm Moxe OyTu 3minene y Temporary group name (page 101))
Ta BUJAJISAIOTHCS Iicst 3akputTa cecii QGIS.

° E: aKTUBYBaTH KypPCOp JIJIsT IHTEPAKTUBHOTO OKPEC/TIOBAHHS IMOJIroHa Ha Tpadiky; JiBe Kiaala-
HHs Ha rpadiky BU3HATAE BY3JIM, a IIPaBe KJIAIAHHS - OCTAHHIN By30J1, MO 3aMUKAE TIOJIIrOH;
e color: BuOpaTu KOJIip moJiroHa (AKuil TAKOXK BUKOPUCTOBYEThCs it Pacmp poscisy);
‘H
- . . . .
o nmm: pyasinTu 3 rpadika Bei BUOpaHi MOJTOHMY;

° E: pospaxyBatu Pacmp posciey Ta BimoOpa3uTu HoOro Ha Kapri;

. %: PO3paxyBaTU CIIEKTPAJILHY CUTHATYDY Scatter raster (3 ypaxyBaHHAM BCIX KJacU(bIKOBAHUX
nikceniB) 3 BUKopucTaHHsM aclive band set ta 30epertu 11 no [lepenir cuenamyp ROI (page 29);

e Oxonaenns - *: oxomsenHss Pamp poacigy; moctynHi BapianTu:
— Taxe came ax 6idobpastcerHs: OXOILJIEHHS TaKe caMe, siKi 1 BijloOparKeHHsI KapTu;

— Taxe came AK 3HIMOK: OXOIJIEHHA TaKe caMe, gK 1 Y BChOIO 3HIMKA;

Ipadik

Kiamnuire jiBy KHONKY MUIIIKHM Ta 3aTHCHITH Ha 10J1i 6adeHHs rpadika, mob mocyHyTu ioro. Bu-
KOPHCTOBYHTE KOJIIIATKO MUINKY I 3MEHINIeHHS Ta 306ijbIieHds nojs bavenns rpadika. Kia-
I[IHITh IpaBy KHOIIKY MUIIKH Ta 3aTUCHITH Ha 1M0J1i OadenHs rpadika, mod 361JIbIMUTH 4O TEBHOTO
dparmenra rpadika.

= | #

e Kapma xonrvopie > : BUOEpPITh KapTy KOJIOPIB, siKa IIOBHHHA 3aCTOCOBYBATUCH JI0 BUIIJIEHUX

B mepesiky rpadikiB po3ciBy micsisi HATHCKAHHS ; SIKITIO 2KOJieH Tpadik Po3ciBy He BUILIEHUI,
TO KOJIbOPOBA KapTa 3aCTOCOBYETHCSI 70 BCiX rpadikiB po3ciBy;
L |

e # % aBTOMATHYHO JomacyBaru rpadik JI0 JaHuX;

k.: 36epertu pucyHOK rpadika y daiin (noctynui dpopmarn . jpg, .png, Ta .pdf);

e 1 y: BijoOpakaTu KOOPJMHATH X Y KypCcopa MUIIKYM BCepenHI 110Jisi badeHHs rpadika;

3.7 lNanenb peparyBaHHa SCP

IHaneav pedazysanna SCP 3abe3medye 6e3m0cepeHE PeIaryBaHHs 3HAYEHD MMIKCEJIIB BXOIOBOIO PACTPA,
BusHaveHoro y Fdit raster (page 87) 3 3acrocysanuam nosironis ROI. Penaryrorbces Jinme 1i nikced,
1o posrarnoBaHi i mosiroramu ROL

) : Bigkpuru incrpyment Ilaneav pedaeysanns SCP mjist BubOOpPY BXOIOBOTO PAacTpa;
o LIV ! peJlaryBaTH pacTp 3 3aCTOCYBAHHSIM CTAJIOTO 3HAYEHHS;
o L1 : peIaryBaTu pacTp 3 3aCTOCYBAHHSM CTAJIOr0 3HAYCHHS,;
o LIV ! pejlaryBaTu pacTp 3 3aCTOCYBAHHSIM CTAJIOTO 3HAYEHHS;
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B o SCP: Scatter Plot (NN

S :MCIDP  MCInfo :CID:  Clnfo ¢ Color 1 i =
' Built-up Buildings | i e ;

Vegetation Trees
Vegetation Grass

Scartter raster

Fig. 59: Ilpuxaad epagira poscisy

Fig. 60: Inempymenmu SCP
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|} . . . .
L] E: BIJIMIHUTU OCTaHHIO IIPaBKYy pacTpa (JIOCTyHHO JIAIIIE Y BUIIQJIKY BUKOPDUCTaHHA IIOJIII'OHIB

ROI);
Project Edit View Layer Settings Plugins Vector Raster Database Web SCP Processing Help
M B Q vﬁ@ﬁ)‘ Dist 0.010000 % Min 60 cuaxwac@'ru cs0 O
SCP Dock e x
E Semi-Automatic Classification Plugin m
tlE o ¢
L : 3
:: g 5 yp 4CIC CID- Cinfo - Color i Tt « o =
I ‘3 ] & Download products | I TE NS O
2
f 2 s [ Preprocessing O 2 3
E _; N % Band procassing 2
—!— e : @ Postprocessing + "
§ 3 & Band calc —— @
E E @ % Baich Bandset1 [ ﬁ 5}
" = o Kaninge Band name Center wavelength  Muliplicative F  ($]
[7 About o
- e o . -
- [ User manual
= & a,
i 3 [2) 45} online help a 5
E L = C T o | e
r MC D 15 MCinfo | MC1 S
% R Quick wavelength settings ~ | wavelength unit | band numbe v @i m ; ‘_
B v e separe |_| Create virtual ras | _| Createrastercft | Build band overy | Band calc xpres | RUN & L4
SCP Dack =
Typeto Ready Coordinate  -0.732-0.957 | $ Scale 1:1.372.611 v g Magnifier 100% £ | Rotation | 00° { v Render @ EPSG4IZ6 @

QyHKIII, onucaHi HUXKYe, BUKOPUCTOBYIOTh HACTYIIHI YMOBHI ITO3HAYEHHS:
(s v] — Beenenns narn
[._1] = Benennsa tekcty

¥ = Bubip esieMeHTa 3 IEPETIKY

A
v — Bpenenns uncia

= HeoboB’s13k0BUiT TApaMeTp

] . .
= HasamryBannst 30epiraerbcs B akTuBHOMY ITpoekTi QGIS
a . .
= HanamrryBanus 36epiraersesa B peectpi QGIS
= = IloB3yHok
s = Tabumus
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Pozgain 4

KopoTkuii BCTyn Ao AMCTaHUiiHOrO 30HA4YBaHHS

o Ocnosni nonsmmas (page 116)
— Howsmma I'IC (page 116)

— Ionammas ducmanyitnozo sondysanns (page 116)

Cencopu (page 118)

Enepeemuuna ceimmuicms ma sidousanvra 3dammicms (page 118)

Cnexmpanvhna cuznamypa (page 118)
— Bemenvnut nokpue (page 119)
o Multispectral satellites (page 119)
— Landsat Satellites (page 119)
— Cynymmnux Sentinel-2 (page 121)
— Sentinel-3 Satellite (page 121)
— Cynymnurx ASTER (page 122)
— Ilpodyxmu MODIS (page 123)
o Kaacudirayis semenavrnozo nokpusy (page 123)
— Konwmpoavosana kaacugdirauis (page 123)
— Koavoposuti komnosum (page 124)
— Hasuaavni obaacmi (page 124)
— Kaacu ma maxporaacu (page 125)
— Aunzopummu kaacudirauii (page 126)
— Cnexmpasvna sidemans (page 132)
— Pesyavmam xkaacugirauii (page 133)

— Ouinka mounocmi (page 134)

e Image processing (page 135)
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Ananiz zonosruz xKomnonenm (page 135)

Harzpomamuune o6 conanna (page 136)

Cnexmpanvni indexcu (page 136)

Clustering (page 137)
o [lepepaxynok suimka y snauennsa sidousasvrnocmi (page 139)
— Enepeemuuna ceimmnicms na anepmypi cencopa (page 139)
— Bidbusaavricms na nosepxni ammocgepu (TOA) (page 139)
— Bidousaavricmy noseprni (page 140)
— Kopexuia DOST (page 140)
o [lepepaxynor y memnepamypy (page 142)
— Ilepepazyrok y sckpasicny memnepamypy na cynymrury (page 142)

— Ouintosarna memnepamypu 3emnol noseprri (page 143)

o [lepenix nocunans (page 144)

4.1 OcCHOBHI NOHATTS

B npomy posaiii HaBeaeHo ocHOBHI moHATT 11040 I'IC Ta mucranuiiinoro 3oHayBanus. [HII KopucHi mxe-
pena quBiThCA y Beskowmosni ma kopucki pecypcu npo ducmanyitine sondysanna ma I'IC (page 240).

4.1.1 MNonarra IC

Icuye nexinbka BusHauenb I'IC (Teorpadiunux indopMalifinux cucrem), siki He € IPOCTO MPOIPAMHUM
3abesneuenusiM. B 3aragpaomy posywminai ['IC me cucremu, siki 3abe3medyoTh BUKOPUCTaHHS reorpadi-
qnol indopmanii (zanux 3 npocropoBumu KoopjuuaTamu). ¥ Byxkdomy podyminni I'IC zabesnedyiorsb
TIepPEerJIsi/, 3alUTH, PO3PAXyHKN Ta aHAJI3 MPOCTOPOBUX JMAHUX, sKi 3/1€01IBIIION0 PO3PI3SHAIOTHCA AK Be-
KTOpPHA Ta PACTPOBa CTPYKTYPH JAHUX. BEKTOP CKIaIAEThCA 3 00 €KTIB, AKi MOXKYTh OyTH TOYKAMU, Ji-
HisiMu 20O IMOJITOHAMY Ta KOXKHUI 06’€KT MOXKe MaTh OjHe abo JIeKijibKa aTpuOyTUBHUX 3HAYEHb; PACTpP
e peryJgpHa ciTka (abo 3HIMOK), KoxKHA KOMipKa gkol Mae arpubyrusne suadenus (Fisher and Unwin,
2005). Bararo I'lC-3acTocyHKiB BUKOPUCTOBYIOTH PACTPOBI 3HIMKM, OTPMMAHI ILISIXOM JUCTAHIIAHOIO
30H/Ty BAHHS.

4.1.2 TloHATTA AUCTaAHUINHOINo 30HAYBaHHS

B zarajbHoMy posyMiHHi AuCTAHUiMHE 30HIYBAHHS Ie <HAyKa Ta TEXHOJOTIA 3a JIONOMOIOK0 SKUX
XapaKTEePUCTUKH 00’€KTIB iHTEpeCY MOXKYTh iIeHTU(IKYBATHCH, BUMIPIOBATHCH Ta AHAJI3YBATHCH 3a BiJ-
cyTHocTi 6e3nocepeuboro Konrakrys» (JARS, 1993).

YV ByKYOMy pO3yMiHHI AuCTaHIIiHE 30H/yBAHHS 1€ BUMIDIOBAHHS €HEPTil, 10 BUIIPOMIHIOETHCH Bill 3€M-
HOI IOBepxHi. fKINo KepesoM eHepril, mo BuMipiorhbes, € CoHIle, TO Ile IaCUBHE JUCTAHI[INHE 30H-
JyBaHHs 1 Pe3yJIbTaTOM TAKOr0 BUMUpiOBaHHs MoxKe OyTu rmudposnii 3imok (Richards and Jia, 2006).
Ko eHeprisi, M0 BUMIPIOETLCs, BUIPOMIHIOETHCA He CoHIEM, a II1aT(OopMOIO CEHCOPAa, TAKOIO K pajiap-
HI cecopu, IO MPAIOITh ¥ MIKPOXBUJILOBOMY Jialla30Hi, TO e aKTUBHE AUCTAHIIHE 30HIyBaHHS
(Richards and Jia, 2006).

EnexkrpoMarHiTHHiI CIEKTP Iie «crcTeMa, 110 Kiacudikye 3a JTOBKIHOIO XBHJI BCIO eHeprito (Big Kopo-
TKOXBUJIBOBOI KOCMIYHOI JI0 JIOBIOXBIJILOBOI PAJIio), M0 TAPMOHITHO PYXAEThCs 3 TOCTIHHO MIBUIKICTIO
citiay (NASA, 2013). [TacuBHi ceHCOpU BUMIPIOIOTH €HEPIiIO 3 ONTHUYHUX 06J1acTell €JIeKTPOMATHITHOIO
crekTpa: BuauMol, 6imkabol indpadepsonoi (I1), koporkoxsuibosol I ta Tensosol 1Y (aus. Pucynok
Eaexmpomaerimuud cnexmp (page 117)).
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Bzaemogist MixK COHSIIHOIO €HepTi€o Ta MaTepiajaMu 3aJIeKUTh BiJl JOBXKUHHU XBUJI; COHIUHA €HEPTis
npoxoauth B Conrst 710 3emuti, a mOTiM 70 ceHcopa. B3oBK 1poro muisixa cousiaHa eHepris (NASA,
2013):

e ITponukia - enepris mpoxoauTh Yepe3 3 3MIHOIO Y IMIBHUIKOCTI BiJIITOBIIHO 10 IHIEKCY 3aJI0MJIIIO-
BaHHS JJIsI IBOX CEPEJIOBUII, PO sIKi ii/1e MOBa.

o IlorsmmeHa - eHeprisa nepegaeTbes 00’ €KTY Yepe3 eJIeKTPOHHI a00 MOJIEKYJISPHI PeaKIrii.

e Binbura - enepris moBepraeThcs HE3MIHEHOIO 3 KyTOM BiJIOMBaHHSI, IO JOPIBHIOE KYTY HAJXO-
KeHHsI. BimbuBaabHa 31aTHICTD 1€ BiAHOIIEHHST BigOUTOI eHepril M0 Tiel, mo HaaifnIIa 10 Tijla.
Hosxxuna xBuiti BiaouTol (a He HorJauHeHol) eHeprii BusHadae KoJip o6’ekTa.

e Po3cistHa - HanpsSMOK TMOIMUPIOBAHHS €Hepril 3MiHIOETHCS BUTIAIKOBO. PoscitoBanus Peitri ta Mi -
JIBa HAMOIIBIN BaXKJIMBI TUIIN PO3CIIOBaHHS B aTMOcdepi.

e BunpomineHna - B jiiicHOCTi, €Hepris CIOYATKY MOIJIMHAETHCS, & 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 PaJiialliio
y JesIKUX BU3HAYECHUX Jiana3oHax (fKi 3a3BUYail HA3MBAIOTHCH KaHajaMu). B pe3ysbrari, BUMIpIOBAHHs
KBAHTYIOTBHCsl Ta IEPETBOPIOIOTHCs Ha IU(POBe 300pazkKeH s, KOKEH €JIEMEHT SIKOro (To6TO MIKCesb) Mae
JUCKpeTHe 3HadeHHs B ojuauigx rmudposux guces (Digital Number - DN) (NASA, 2013). Pesysabryoui
300pazKeHHsl MalOTh Pi3HI XapaKTepUCTUKU (BUPI3HSUIbHI 37aTHOCTI) 3aJIeKHO BiJl ceHcopa. Bumiisaors
JIeKiJIbKa, TUTIB BUPI3HSJJIBHOI 3/ITATHOCTI:

e IIpocropoBa BupisHsiIbHA 3JATHICTD, 3a3BUYAil BIJIIIOBIIa€ POMIPY IIKCeJIsl, «Ile BUPI3HSIbHA
3IATHICTDh IHCTpYMeHTa, HeOOXiTHA Ijis BHOKDPEMJIEHHsI O0’€KTiB, IO 3aJIe’KUTh Bill PO3MIpYy jie-
TekTopa, (poKycHOI Bijcrani Ta Bucotu cencopay (NASA, 2013); npocTopoBy pPOALIBHY 3IaTHICTH
TAKOXK HA3WBAIOTh N'€OMETPUIHOIO PO3JIHHOIO 3maTHicTio abo [FOV;

e CriekTpasibHA BUPI3HsSIJIbHA 3JIATHICTH 1€ KUIBKICTH Ta IIOJIOXKEHHSI eJIEKTPOMAIrHITHUX CIIe-
KTPiB (110 BU3HAYAIOTHCA JBOMA JOBXKHUHAMM XBUJIb) crekTpasibunx Kanasis (NASA, 2013) Gara-
TOCHEKTPAJHHUX CEHCOPIB, KOXKHOMY KAHAJIy BiJIIOBi/Iae 300pakeHHsT;

e PaniomerpuyHa BupisHsisIbHA 30aTHICTD, 3a3BM4ail BUMIpIOeThCs y Gitax (aBilikoBux rudpax),
I1e JIialta30H MOYKJIMBUX 3HAYEHb ICKPABOCTI, SIKHil JIJIsI 3HIMKA BiJIITOBI/Ia€ MAKCUMAJILHOMY JIiaIla30-
Hy DN; Hanpukiaj, 3HIMOK 3 BUPI3HsUIbHOO 31aTHICTIO 8 6iT Mae 256 pisHiB sickpasocti (Richards

and Jia, 2006);

e JIjs CyIyTHUKOBHMX CEHCOPIB, € TAKOXK YacoBa BUPI3HAJbHA 3JATHICTD, sKa BiAIIOBimae 1acy,
HeoOXiIHOMY [IJIsl IOBTOPHOIO Ieperuisiy Tiel camol mimsaku 3emuti (NASA, 2013).

4.1.4 EHepreTuyHa CBITHICTb Ta BigOuBanbHa 34aTHICTb

CeHcopHu BUMIPIOIOTh €HEPreTUYHY CBITHICTB, SIKa BiJIITOBIJIa€ SICKPABOCTI Y 3aJaHOMY HAIPSIMKY IO
CEHCOPa; TAKOXK JOIIJIBLHO BUPIZHATH BiAOMBAJIbHY 30aTHICTD sIK BIIHOINEHHsI BiAOWTOI IO 3arajibHOI
eHeprii.

4.1.5 CnekTpanbHa curHatypa

CnekTpasibHa cUrHATypa Iie BinbuBajibHa 37aTHICTH 9K QyHKUig goBxunu xBuwil (qus. Puc. Kpu-
80 cnexmpasvhoi 6100usasvroi 30ammocmi das womupvox pisnux yisel (page 119)); KoxkeH maTepiai
Ma€ yHIKaJbHY CUTHATYDY, SKa 3aBISKHU IIbOMY MOXKE€ BUKOPHUCTOBYBATHUCH JIjIs KJacudiKallil MaTepiaJiin

(NASA, 2013).
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(za NASA, 2013)

4.1.6 3emenbHUin NOKPUB

3eMeIbHUI MOKPUB Iie Marepiaj Ha 3eMHil TOBepXHI TaKWil K I'PYHT, POCJIUHHICTb, BOJA, ac(hasbT
romo (Fisher and Unwin, 2005). KinbkicTs Ta Buj Ki1aciB 3eMeJIbHOIO HOKPUBY, IO MOXKYTh OyTH i/1eH-
TudiKoBaHi Ha 3HIMKY, MOXKYTb iCTOTHO PI3HUTHCS 3aJI€KHO BiJl BUPIZHSILHOI 3JJATHOCTI 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 continously growing with recent images.

4.2.1 Landsat Satellites

Landsat 1e cepisi 6ararocieKTpaibHUX CyIlyTHUKIB, po3pobsernx NASA (HanjonaubHuM yupapiiiHHSIM
3 aePOHABTUKM 1 mociimkenns kocmiunoro npocropy CIITA), 3 nouarky 1970-x.

Suivmku Landsat mmupoko B:KuBaHi y JOCITIIZKEHHAX JTOBKLLIsI. BupisusibHi 31aTHOCT] cencopis Landsat
4 ta Landsat 5 nasemeni B Tabuuni mHmxkue (3a http://landsat.usgs.gov/band designations landsat
satellites.php); gacosa BupisHsuibHa 31aTHICTh Landsat cranosuts 16 nuis (NASA, 2013).

Kanaau Landsat 4 ma Landsat 5
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Kananu Landsat 4, Landsat 5 Hoexunna xeuni [Mikpome- | BupisHsnbHa 3paTHicTb  [me-
Tpu] Tpy]

Kanau 1 - Cumniit 0.45 - 0.52 30

Kanan 2 - 3enenuit 0.52 - 0.60 30

Kanas 3 - Yepsonunii 0.63 - 0.69 30

Kanan 4 - Bmmxkniit indpagepsonruit | 0.76 - 0.90 30

(NIR)

Kanan 5 - SWIR 1.55 - 1.75 30

Kamnas 6 - Tertosuii indpauepBonmit 10.40 - 12.50 120 (uepenuckperusoBaHa 0

30)
Kanan 7 - SWIR 2.08 - 2.35 30

BupisusuibHi 3maTtHOCTI ceHcopa Landsat 7 Hasemeno B tabuuimi Huzkde (3a http://landsat.usgs.gov
band designations landsat satellites.php); wacosa Bupisusibaa 3paraicts Landsat cranosurs 16 mmis

(NASA, 2013).

Kanaau Landsat 7

Landsat 7 Bands Joexunna xeuni [Mikpome- | BupisHsnbHa 3paTHicTb  [Me-
Tpy] Tpy]

Kanaut 1 - Cuniit 0.45 - 0.52 30

Kanan 2 - enenuit 0.52 - 0.60 30

Kanan 3 - YepBonnmit 0.63 - 0.69 30

Kanan 4 - Bamxkwiit indpagepsonmit | 0.77 - 0.90 30

(NIR)

Kanan 5 - SWIR 1.57 - 1.75 30

Kamnau 6 - Termosuii indpauepBonmit 10.40 - 12.50 60 (mepemuckperu3oBaHa [0

30)
Kanan 7 - SWIR 2.09 - 2.35 30
Kanan 8 - ITarxpomarutanumii 0.52 - 0.90 15

Bupizusasbni 3garnocti cencopa Landsat 8 masemeno B Tabsimui muxkde (3a http://landsat.usgs.gov
band designations landsat satellites.php); uacoBa BupisusibHa 31aTHicTs Landsat cranosurs 16 nHiB

(NASA, 2013).

Kanaau Landsat 8

Landsat 8 Bands Joexunna xBuni [mikpo- | BupisHsnbHa 3patHicTs [me-
meTpu] Tpy]

Kanas 1 - Y306epexxuuit aepo30ib 0.43 - 0.45 30

Kanan 2 - Cuniit 0.45 - 0.51 30

Kanan 3 - 3enenuit 0.53 - 0.59 30

Kanan 4 - YepBonwmit 0.64 - 0.67 30

Kanan 5 - Bumxwiit indpadepsonnit | 0.85 - 0.88 30

(NIR)

Kanan 6 - SWIR 1 1.57 - 1.65 30

Kanan 7 - SWIR 2 2.11-2.29 30

Kanan 8 - [TauxpomaTuaumii 0.50 - 0.68 15

Kanan 9 - Ilip’icTi xmapu 1.36 - 1.38 30

Kanan 10 - Temnosumit indpadepsonunit | 10.60 - 11.19 100 (uepemuckperuzoBaHa

(TIRS) 1 1o 30)

Kanan 11 - Temnosuit indpadepsonmit | 11.50 - 12.51 100 (mepesmcKpeTH30BaHA

(TIRS) 2 zo 30)

Benukuii apxis 3HiMKiB 6€3K0OIITOBHO jtocTynHuil Bixg ['eostorianol ciryx6u CIITA . Jljist 611k JOKJIAHOT
iHopMaIlil 1Mo10 OE3KOIMITOBHOIO 3aBaHTaKeHHsI 3HIMKIB Landsat anraiire .
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BuiMkn igenTHdiKyOTHCsS TpackTopismu Ta pagkamu WRS (IUobanbha cucrema MicreposTalryBaHHS
st Landsat Worldwide Reference System for Landsat ).

4.2.2 CynytHuk Sentinel-2

Sentinel-2 e OararocmekTpajbHUN CyIyTHUK, Po3pobseHuil EBpomeiicbKuM KOCMIYHHM areHTCTBOM
(European Space Agency - ESA) B pamkax uporpamu muitopunry 3emesns Copernicus . Sentinel-2 mae
13 cnexTpaJsibHUX KaHAJIB 3 IIPOCTOPOBOIO BUPi3HsIBHOIO 37aTHicTIO 10 M, 20 M Ta 60 M 3a1eKHO Bif
KaHaJy, sK HaBeJeHo y Tabmuii Hukde (ESA, 2015).

Kanaau Sentinel-2

Kanann Sentinel-2 LletpanbHa poBxuHa xeuni [Mikpo- | BupisHsinasHa 3BaTHICTb
MeTpu] [meTpu]
Kanas 1 - V306epexxuuit aepo30ib 0.443 60
Kanau 2 - Cuwniit 0.490 10
Kanan 3 - 3enenuit 0.560 10
Kanan 4 - YepBonnmit 0.665 10
Kanas 5 - Yepsonnii kpait pocaun- | 0.705 20
HOCTI
Kanan 6 - YepBonwuit kpait pociua- | 0.740 20
HOCTI
Kanan 7 - YepBonnit kpait pociaun- | 0.783 20
HOCTI
Kamnain 8 - NIR 0.842 10
Kanan 8A - Yepponwmii kpaii po- | 0.865 20
CJIMHHOCTI
Kanamn 9 - Bomgna mapa 0.945 60
Kanas 10 - SWIR - Ilip’icti xmapu | 1.375 60
Kanaiu 11 - SWIR 1.610 20
Kanan 12 - SWIR 2.190 20

Sentinel-2 images are freely available from the ESA website https:

4.2.3 Sentinel-3 Satellite

scihub.copernicus.eu.

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 pm with a swath

width of 1,270km and 300m spatial resolution (ESA, 2013). The revisit time is about 2 days.

Sentinel-3 Bands

4.2. Multispectral satellites
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Sentinel-3 Bands | LetpansHa goexuHa xsuni [MikpomeTpu]
Oal 0.400
Oa2 0.4125
Oa3 0.4425
Oa4 0.490
Oab 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
Oal7 0.865
Oal8 0.885
0Oal9 0.900
0a20 0.940
Oa2l 1.020

4.2.4 Cynytuuk ASTER

Cynyrauk ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer - IToxpa-
IeHn# KOCMIUHMI pajiioMeTp TeIIoBOro BUIPOMIHIOBaHHsI Ta BinOupaHHs) OyB 3amymienud y 1999 za
cuiBpobiTaurTBa Mizk MinicreperBoM MiKHapOAHOI Topirisil Ta ingycrpil duownil (Japanese Ministry of
International Trade and Industry - MITI) ta NASA. ASTER wmae 14 xanaiiB BUpI3HsUIbHA 37aTHICTH
SAKUX 3MIHIOETHCA BIIIOBIIHO [0 MOBXKUHA XBUJIL: 15 M y BuauMomy Ta OimKkHbOMY iH(ppadepBonomy, 30
M y KOPOTKOXBHJIBOBOMY iH(dpadepsoHomy Ta 90 M y remiosoMy indpadepsonomy (USGS, 2015). Kana-
mu ASTER oxapakrepusoBano B Tabsuni Hizk4e (vepes Buxin 3 jany cencopa gani SWIR, orpumani
micaa 1 kBitHa 2008 memoctynHi ). Jomarkosuit kanan 3B (6mmkwuiii indpadepsonuii obepueHoro
Ha3aJ1 Oy ) 3a0e3[eUye CTePeo MOKPUTTSL.

Kanaau ASTER

Kanann ASTER Joexuna xeuni [mikpome- | BupisHsnbHa 3gatHicTb [me-
Tpu] Tpu]

Kanan 1 - 3esennit 0.52 - 0.60 15
Kanan 2 - YepBonwmit 0.63 - 0.69 15
Kanan 3N - Bumxkwiit indpauepsonuit | 0.78 - 0.86 15
(NIR)

Kanan 4 - SWIR 1 1.60 - 1.70 30
Kanau 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
Kanan 10 - TIR 1 8.125 - 8.475 90
Kanan 11 - TIR 2 8.475 - 8.825 90
Kanan 12 - TIR 3 8.925 - 9.275 90
Kanan 13 - TIR 4 10.25 - 10.95 90
Kanan 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

Kanann MODIS Hoexuna xsuni [mikpome- | BupisHanbHa 3gaTHicTs [me-
Tpu] Tpu]

Kanan 1 - YepBonwmit 0.62 - 0.67 250 - 500

Kanan 2 - Buawmxkwuiit indpadepsonnit | 0.841 - 0.876 250 - 500

(NIR)

Kanasn 3 - Cumniit 0.459 - 0.479 500

Kanau 4 - 3enenuit 0.545 - 0.565 500

Kanan 5 - SWIR 1 1.230 - 1.250 500

Kanan 6 - SWIR 2 1.628 - 1.652 500

Kanan 7 - SWIR 3 2.105 - 2.155 500

Hacrynni upomyktu (Bepcis 6, mums. https://Ipdaac.usgs.gov/dataset discovery/modis/modis
products table) mocrynni mius 3aBanraxkennsa (Vermote, Roger, & Ray, 2015):

MODO09GQ: mosenHa BiIOUBAIBHICTS 3 TTPOCTOPOBOIO BUPI3HSILHOW 3maTHicTIO 250 M 3a Terra
MODIS;

MYD09GQ: monenna BiIOMBAJILHICTL 3 IPOCTOPOBOIO BUPI3HAILHOIO 3xarHicTio 250 M 3a Aqua
MODIS;

MODO09GA: moneHHa BiAOMBAJBHICTH 3 IIPOCTOPOBOIO BUPI3HsILHOMIO 3xaTHicTio 500 M 3a Terra
MODIS;

MYDO09GA: monenna BigOMBAJILHICTL 3 IMPOCTOPOBOIO BUPi3HSLILHOIO 3marHicTio 500 M 3a Aqua
MODIS;

MODO09Q1: sBiouBasbHICTH 3 MTPOCTOPOBOIO BUPI3HSILHOK 3aTHiCTIO 250 M, $K KOMIIO3UT
MODO09GQ (koxkHMii niKcesb MICTUTH HafiKpallle MOXKJIUBE CIIOCTEPEerKeHHs 3a 8-JIeHHuil 1epion);

MYDO09Q1: BigbuBayibHICTE 3 MPOCTOPOBOK BUPI3HSJIBHOKW 3iaaTHICTIO 250 M, K KOMIIO3UT
MYDO09GQ (koxkuwmit miKce b MICTUTh HARKDAIE MOMKJIUBE CIIOCTEPEXKEHHsI 3a 8-IeHHUil 1epion);

MODO09A1: BifOUBaJIBbHICTG 3 TPOCTOPOBOIO BHUPIZHSUIBHOIO 37aTHICTIO 250 M, $K KOMIIO3UT
MODO09GA (koxkHHMI IIKCeab MICTUTh HARKDAIEe MOYKJIUBE CIIOCTEPEXKEeHHs 3a 8-JIeHHUil 1epion);

MYDO09A1: BigbuBajibHICTE 3 IIPOCTOPOBOIO BUPI3HSIIBHOIO 3xaTHICTIO 250 M, $K KOMIIO3UT
MYDO09GA (koxkuuit mikcesb MiCTUTH HARKpAIIE MOXKJIUBE CIIOCTEPEKEHHS 38 8-IEHHUN MepioJ);

4.3 Knacudikauis 3emenbHOro nokKpmsey

This chapter provides basic definitions about land cover classifications.

4.3.1 KoHTponboBaHa knacudikauyis

HaniBaBromaruuna kiacudikaiis (TakoK KOHTpOsbOBaHa Kiacudikarist) e TexHika 06poOKu 30-
OpazkeHb, siKa, J03BOJISI€ BU3HAYNTHA MaTepiaji Ha 3HIMKY BIIIOBITHO 10 1X CIHEKTPAJBHUX CUTHATYD.

4.3.
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Icnye nmekinbka BuIIB ajaropuTMiB Kiacudikariii, ajie TOJIOBHA MeTa 1€ CTBOPEHHS TEeMaTUIHOI KapTHu
3€MeJTbHOTO TTOKPUBY.

O6pobka 3060azxkens Ta mpocroposuit ['1C-anaii3 moTpedyOTh CreniaaizoBaHOro MpoOrpaMHOro 3abe3re-
genHs Takoro gk Semi-Automatic Classification Plugin qna QGIS.

Fig. 3: Bazamocnexmpanvre 306pasicerts 06pobaete i cmEOPeHHA KAGCUPIKAUIT 3eEMEABHO20 NOKPUBY
(3mimMok Landsat mamamo USGS)

4.3.2 KonbopoBuii KoMnosnT

3a3Buvail CTBOPIOETHCSI KOMOIHAINS TPHOX IHIMBIIYAJIHHIX MOHOXPOMHHUX 300parkeHb, B fAKIfl KOXKHO-
My HPH3HAYAETHCS IEBHUI KOJIIP; Taka KOMOiHAIisT HA3MBAETHCS KOJIBOPOBUII KOMIIO3UT Ta KOPHUCHA
s Bizyanbuol inrepuperanii (NASA, 2013). KoabpoBi KOMIIO3UTH MOXKYTh OyTH OIMCAHI HACTYITHUM
BHPa30M:

«R G B = Br Bg Bb»

Je:
o R Bimnosinae Yepsonomy;
e G Bignosinae 3ejeHOMY;
e B Bignosigae Cunbomy;
e Br e HOMep KaHAJTY, IO ACOIIIOETHCA 3 YEPBOHUM KOJIBOPOM;
e Bg 11e HOMep KaHaJIy, IO ACOIHIOETHCS 3 3€JIEHUM KOJIBOPOM;
e Bb 11e HOMEpP KaHAJIY, 110 ACOIIIOETHCSA 3 CUHIM KOJBOPOM.

Hacrynauit pucynok Koavoposuli komnosum swimka Landsat 8 (page 125) JeMOHCTPYE KOJIbOPOBHIL
komnozur «R G B = 4 3 2» zuimka Landsat 8 (mia Landsat 7 amajoriunmii KoJbpOBHUil KOMIIO3UT 11€
R G B = 3 2 1; mua Sentinel-2 ne R G B = 4 3 2) ta xouvoposuii komnozur <R G B = 5 4 3» (s
Landsat 7 amastoriunuii Kosiboposuii komiosur e R G B = 4 3 2; mua Sentinel-2 ne R G B = 8 4 3).
Kowmmosur «<R G B = 5 4 3» kopucHuii jyist inTeprperaiil 300pakeHb TOMY IO IIKCeJi 3 POCJMHHICTIO
BUIJISIIAIOTH I€PBOHUMHE (3/10pOBa POCJIMHHICTD BiOUBAaE 3HAUHY YACTUHY HAJXIIHOTO CBITIIA B GJIMKHII
idppavyepBoOHiil 30Hi, IO MPOSIBISETHCA y BUIUX 3HAYEHHSIX BiAOWBAJBHOCTI JJIsi KaHAJy D, a BifTak i
BUINUX 3HAYEHHSIX JIJId OB’ S3aHOI0 YEPBOHOTO KOJIBODY ).

4.3.3 HasuanbHi obnacTi

3a3Buuaii, KOHTpOIKLOBaHA Kiacudikariist oTpedye, 1mob KOPUCTYBAY BU3HAYUB OJIHY abo JIeKiTbKa 0bJa-
creit inTepecy (Regions of Interest - ROI a6o Hap9asbHuX 06aacTeil) /sl KOXKHOTO KJIacy 3€MeJIbHOrO
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b

RGB = 543

Fig. 4: Koavoposuii xomnozum swimxka Landsat 8
laui moctymui 3 T'eomoriumoi cayx6u CIIA

IOKPUBY, 10 Bu3HadaeThesd Ha 3HIMKY. ROI 1me mosironn okpecsieni HABKOJIO OMHOPITHUX JIJISTHOK 30-
OpazKeHHsI, 10 HAKJIAJAIOTHCS Ha IIKCeJ, siKi HaJIeyKaTh /10 OJHOrO KJIACY 3€MeJILHOTO IOKPUBY.

Anroputm HapowyBaHHs obnacTi

Astroput™ HapolryBaHHs 00JIACTI JO3BOJIsIE BUOpATH MKCel MOMiOHI IO HACIHUHY 3 ypaxXyBaHHSIM CIIe-
KTpaibHOI moaibuocti (Tobro cuekrpaabHol Biacrani) npuseriux nikcesnis. B SCP anropurMm Hapo-
MyBaHHA 00J1aCTi JOCTYIHUN JI/IsT CTBOPEHHSI HaBYaILHUX obsacteit. [lapameTrp BijicTaHb 1oB’sa3amHmit 3
NoMi6HICTIO 3HAYeHb MiKCesiB (YMM HIXKYe 3HAYEHHsI, THM OLIbIn moaibHi BUOpaHi mikcesi) g0 HACIHUHE
(Bubpanol KialaHHsM Ha mikcesi). JlogaTKoBuil mapaMerp e MaKCUMAaJIbHA MIMPUHA, KA € JOBXKI-
HOIO CTOPOHHU KBaJpaTa 3 IEHTPOM B IIKCe/i-HACIHUHI, IO sIKOIO BIUCAHA HABYAJIbHA 00JacTh (aKOU BCi
nikcesi MaJju ofiHi 1 Ti cami 3HaUEHHsI, TO HABYAJIbHA 00JIacTh TaKOXK Oyiia 6 KBajaparHoo). MiniMaibHui
PO3Mip BUKOPUCTOBYETHCS B sIKOCTI 0OMeKeHHsI (II0OKPEMO JIjIsl KOXKHOI'O KaHaJly) IIpu BUOODI mikceJis,
0 € GBI TTOMIOHUME JT0 HACIHUHU, JTOKHU IX KUIHKICTh He JOCSITHEe MpUHANMHI MiHIMaJIbHOTO pO3MIpY.

Ha pucysky ITpuraad napowysanns ooaacmi (page 126) meHTpaIbHIN Hiceab BAKOPUCTOBYEThCS B SIKOCT]
nacinunu (a) 1Jig HApOILyBaHHg 00sacTi oxHoro kanaxy (b) 3 napamerpom crekTpasibhol Bigcrani = 0.1;
nozi6Hi mikcesni BUOHPAIOTHCS ISt CTBOPEHHS HaBUaabHOI obsacti (¢ Ta d).

4.3.4 Knacu Ta makpoknacu

Kiacu 3emMebHOTO TOKPUBY ieHTUMIKYIOTBCS 3a JoBUIbHUME Kogamu 1D (To6To yHIKaJbHUME 11eH-
tudikaropamn). SCP nossosisie npusHadatn ID makpokiaacy (to6ro MC ID) ta ID kuacy (to6To
C ID), sxi e kogamu-inenrudikaropamu Kjacis 3emeabHoro nokpusy. Makpokdiac 1ie rpyna ROI, nio
martoth pizi ID kimacy, gki € 3pyunnmu 3a HeoOXimHOCTI KracuikyBaTH MaTepiam, M0 XapaKTepusy-
IOTHhCsI PISHUMHU CIIEKTPAJBHUMU CUTHATYDAMH, aJle HaJeXKaTh JIO OJIHOTO KJIACY 3eMeJIbHOTO TOKPUBY.
Hanpuxia, MoxHa Bigiantu tpasy (ID xkmacy = 1 ta ID makpoxnacy = 1) ta gepesa (ID rmacy = 2
Ta ID makpokinacy = 1) sk kjac pociaunHOcTi (ID Maxpormacy = 1 ). fk nokasaHo B TabunIl HUKYE,
nekinbka D xjaciB MoxkyTb OyTr BigHEceHI 10 omHOro i Toro camoro ID makpokiacy, ajge ofauH i Toi
cammuit ID kitacy e moxke OyTu Bimnecenuit mo bararrox ID maxpokiiacis.

Ipuxsad maxpoxsacis
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Max ROI 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 OIG 0l7 b)

0.7/0.3 0.4/0.7|0.6
0.6/0.3 0.4/0.7/|0.7
0.70.30.4 b.3 0.8
0.7/0.7/0.7 0.3 0.3

0.6/0.6/0.7 0.3 .,

Fig. 5: IIpukaad napowysarns obaacmi

Hasea makpoknacy | ID makpoknacy | Hassa knacy | ID knacy
Pocimanicrs 1 Tpasa 1
Pocnunnicts 1 HepeBa 2
3abymoBa 2 Bynismi 3
3abyioBa 2 Zoporu 4

Bigrak, sik nokazano Ha puc. [Ipuxaad maxporaacy (page 127), Kiacu € HiIMHOXKUHAMU MaKpPOKJIACY.

Aximmo 1l JocTiKeHH He BUMATaloTh BUKOPUCTAHHS MAKPOKJIACY, TOJi onwH i Toit camuit ID makpo-
kyacy Moxe Oyt npusHadenuit scim ROI (nanpukian, ID makpokaacy = 1) Ta 3HaYeHHS] MaKpPOKJIACY
He OpaTUMyThCsI 0 YBaru B Iporeci Kiracudikarrii.

4.3.5 Anroputmu knacudikau,ii

CrnekTpasibHi cHUrHaTypu (CleKTPaibHI XapaKTEPUCTUKN) BU3HAYEHUX KJIACIB 3€MEJIBHOTO MOKPUBY
PO3PaXOBYIOThCs 3 ypaxXyBaHHsIM 3HaueHb IikcesaiB kKoxkHOI ROI, mo mae toit camuii ID kmacy (a6o ID
MakpokJiacy ). Bixrax, asropurm kiacudikaril Kiacudikye Bce 300parkKeHHsl [MIJISXOM CIIIBCTABIIEHHST Clie-
KTPAJbHUX XapPAKTEPUCTUK KOXKHOT'O IIKCEJIsl 3 CIIEKTPAJbHIMI XapaKTePUCTUKAMY BU3HAYCHUX KJIACIB
3eMesIbHOrO MoKpuBy. SCP 31aTHUil peasli3oByBaTH HACTYIIHI aJropuTMu KJiacudikaril.

MinimanbHoi BigcTaHi

Asropury™ MiHiMasbHOT BijcTani pospaxosye EBkiriioBy Bijcranb d(z,y) MK CIEKTpAJIbHUMHA CUTHATY-
paMu HikcesiB 300parkeHHsI Ta HABYAJIbHUME CIEKTPAIbHUME CUI'HATYPAMH 3a HACTYIHOIO (POPMYJIOIO:

Je:

® I = BEKTOP CIIEKTPAJbHOI CUTHATYPH IKCEIs 300paKeHHsT;
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Vegetation \( Built-up
Macroclass 1 Macroclass 2

Roads
Class 4

' Grass
Class 1

'}

Buildings
Class 3

Class 1 Class 3
Macroclass 1 —|: Macroclass 2 —[
Class 2 Class 4

Fig. 6: IIpuxaad maxpokaacy

® 1 = BEKTOP CIIEKTPAJbHOI CUTHATYPU HABYAJIBLHOI 00JIACTI;
® 1 = KiJIbKICTh KaHAJIB 3HIMKA.

Binrak, BizcTanb po3paxoByeTbCs I KO2KHOIO IIIKCEJIs Ha 3HIMKY 3 IPUCBOEHHSM KJIACy HANROIMAKIOL
CIIEKTPAJILHOI CUIHATYDU BIJIIOBIHO 70 HACTYIHOI jucKpuMiHaHTHOI yHKHil (3 3minamu 3a Richards

and Jia, 2006):
reCy = dz,yp) < d(z,y;)Vk # j

Jie:
e (), = KJjac 3eMeJIbHOrO OKpUBY k;
® Y, = CIEKTpaJjbHA CUTHATYpA KJacy k;
® y; — CIEKTpaJsbHa CHI'HATYPa KJIacCy j.

€ MOXKJIMBICTh BU3HAYEHHsI IIOPOIrOBOI BeudyuHu T; 3 METOI BUKJIFOUEHHS 3 Kjacudikaril miKcesiB, 1o
3HAXOIATHCS HUXKYE IIHOI'0 3HAYCHHS:

z e Cy = dz,yr) <d(x,y;)Vk # j
and
d(z7yk) < TZ

MakcumanbHoi BiporigHocTi
AuiropuT™M MaKCHMaJbHOI BipOriIHOCTI pO3pPaxoBY€E PO3IOILJ IMOBIpHOCTEIl J1j1st KJiaciB 3a BeecoBoro Te-

OPEMOIO, OIIHIOIOYH HAJIEXKHICTH IIKCeJIs JI0 KJIACY 3eMeJIbHOr0 IOKPUBY. 30KPEMa, [epe10adacThes, 1Mo
PO3IOiI iMOBIpHOCTEl It KJIACiB XapaKTepu3yeThCsl (DOPMOIO OAraTOBUMIDHUX HOPMAJIBHUX MOJIEJIei
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(Richards & Jia, 2006). Just Toro, mob 3aCcTOCOBYBATH Tieil AJIrOpuTM, JJIs KOXKHOI HaBYAIBHOI 06J1aCTi
HeoOXiIHa KIJIBKICTb IKCeJIIB JOCTATHSI JIJIsT PO3paXyHKy MaTpuili kopapiamil. JluckpuminanTaa QyHKITS,
nasesena Richards and Jia (2006), po3paxoBy€eThCst Jjisi KOXKHOTO MIKCEJIsl K:

1 1 _
gr(z) = Inp(Cy) — 5o |Zk| — 5(3«" —ur)'S (@ — )

Je:
o () = KJjIac 3eMeJIbHOTO ITOKpUBY k;

® I — BEKTOp CHeKTpaJII)HOI CUTHATYypHU miKceJIst 306pa)KeHH$I;

p(Ck) = imoBipHicTb, mo BipHuit Kiac e Ck;

e |X;| = BusHauHNK MaTpuIl KoBapiamil manux B Kiaci Ck;
271 o . see,

e X, = obepHeHa MaTpHI KoBapiaril;

® ¥, = BEKTOp CIIEKTPAJILHOI CHIHATYPH KJacy k.

Taxkum duHOM:

€ Cy < gi(z) > g;(x)Vk # j

ga(X)

X1 € ga(X)

Fig. 7: IIpukaad maxcumanvroi 6ipozionocmi

TakoK € MOXKJIMBICTh BU3HAYMEHHS ITOPOTOBOI BEJIMUWHU JTUCKPMIHAHTHOT (DYHKIIIT 3 METOIO BUKJIIOUYCHHS
3 Kutacuikariil mKcesiB, Mo 3HAXOASATHCsI HUXKYe IHOI'0 3HAYEHHs. 3 YpaXyBaHHSIM [TOPOrOBOI BEJTMIUHI
T; ymoBa kiracudikanii HaOyBae BUIVISLY:

z€Cy <= gr(z) > gj(x)Vk #j
and
ge(@) > T;
Knacudikaris 3a arropuTMoM MaKCHMAJIBLHOI BIPOTiTHOCTI € OHIEI0 3 HANOIIBIN MOMMUPEHNX KOHTPOJIHO-

BaHUX Kjacudikariit, oJHak mporec Kiacudikarii Moxke OyTH TOBIILHIINUM TOPiBHAHO 3 Minimanvioi
sidermani (page 126).
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KaprtorpacyBaHHs cnekTpasnbHOro KyTa

Asrroput™ KaprorpadyBaHHs CIEKTPATHLHOIO KyTa PO3PAXOBYE CIEKTPAIBHUNA KYT MiXK CIIEKTPAJIHHIME
CHUTHATYPAMU IMKCEIiB 300pakKeHHs Ta HABYAJbHIME CHEKTPAJIbHUMHA curHaTypamu. CrieKTpasibHuil Ky T

0 Busnagaernes gk (Kruse et al., 1993):

n
_ —1 Zi:l TiYi
O(x,y) = cos R o
2 2
(i) * (e v7)
He:
® I — BEKTOpP CIEKTPAJHLHOI CUTHATYPHU TIKCEJIsT 300PasKEHHS;
® y — BEKTOP CIEKTPAJIbHOI CHTHATYPH HABYAJILHOL 00JIaCTi;

e 1 = KIJBKICTh KaHAaJIB 3HIMKA.
MMKCceJIb HAJIEXKUTD JI0 KJIACy, MO0 Ma€ HAMMEHINH KyT, TOOTO:

z€Cy = Oz, ye) <0(x,y;)Vk #j

Bigrak

Je:
e (y = KJIaC 3eMeJILHOrO MOKPUBY k;
® Y, — CIEeKTpaJbHA CUTHATYpA Kaacy k;
® y; = CIEKTpaJbHA CUTHATYpa KJIacy j.
Band 2

Band 1

Fig. 8: IIpukaad xapmozpadysarns cnexkmparvrozo Kyma

3 MeTOI0 BUKJIIOUEHHS 3 KJiacuikarlil mKCceiB HIKYe IbOr0 3HAYEHHS MOXKJINBO IPU3HAYUTHU ITOPOTOBY

Benmanny 1;:
z € Cp = 0(x,y) < 0(z,y;)Vk # j
and

9(1' ) yk) < Tz
AnropntM™ KaprorpadyBaHHS CIIEKTPAJIBHOTO Ky Ta, MUPOKO 3aCTOCOBYETHCS, OCOBIUBO 3 TIEPCIIEKTPahb-

HUMU JAHUMMU.
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Knacudikauis napaneneninega

Krnacudikanis nmapasesnerninesa e aJropuT™, KWl BPAXOBYE M1ala30H 3HAYEHD JJIsi KOXKHOTO KaHAJY,
dopmyioun GaraToBUMIpHUN HapaJiesIernine/, M0 BU3HAYAE KJIAC 3eMeJIbHOro mokpuBy. llikcess Bimmo-
CUTBHCS JIO KJIACy, SIKIO HOTO 3HAYEHHST 3HAXOJATHCS BeepeuHi mapadeserinega. OJHUM 3 OCHOBHHUX
0OMeXKeHb € Te, IO MIKCEesi, CUTHATYPU AKUX 3HAXOIATHCS B OOJIACTIAX MEPEKPUTTs JIBOX abo OiybIre
napaJgiesienine s, #He MOxXKyTh OyTu kiacudikosani (Richards and Jia, 2006).

Knacudikauis curHatyp 3eMHOro nokpusy

Y SCP nocrynna Kaacugirayis cuenamyp semeavrozo noxpuey (aus. Kaacudirayis cuznamyp semens-
nozo noxpusy (page 35)). s knacudikarisi 703805 BUSHAYATH CHEKTPAIbHI MOPOTOBl BEJIMUNHNI [1JTsT
KOYKHOI CHI'HATYDH BXOJIOBUX HABYAJBHUX JAHUX (MiHIMAJbHE Ta MAKCHMAJIbHE 3HAYEHHs! JJIsi KOKHOIO
kanaJy ). Iloporosi BeJIMIuHu JJIsl KOYKHOI CUTHATYPU BXOJ0OBUX HABYAJIbHUX JIAHAX BUZHAYAIOTH 00JIACTh,
IO HAJIEXKUTH JI0 TIEBHOTO KJIACY 3€MEJbHOTO MOKPUBY.

CrekTpaJibHi CUTHATYPH IIKCeJB 300parkeHHsI IMOPiBHIOIOTHCS 3 CIIEKTPAJbHUMHU HABYAJHLHUMU CUTHA-
TypaMu; IIKCeJIb HAJEXHUTh 10 Kiacy X, AKI0 oro CleKTpajbHAa CUIHATYpPa IOBHICTIO MICTHUTHCA B
CIIEKTPAJIbHIN 00JIaCTi, MO0 BU3HAYAETHCA KiacoM X. Y BUIAJKY, SIKINO IMKCeJ HOTPAILISOThH 10 00ja-
cri mepekpuTTs abo 1mo3a MexKi Oy/Ib-aKOI CIIeKTPaabHOI 00JIaCTl, € MOXKJIUBICTh 3aCTOCYBATH JIOIATKOBI
anropurmu Kiaacudikanil (manpukiam, Mirnivaavrotl eidemani (page 126), Maxcumanvnoi sipozidiocmi
(page 127), Kapmozpagysanns cnexmparvrozo kyma (page 129)) 3 ypaxyBaHHsAM CHEKTPaJIbHAX Xapa-
KTEpUCTUK IIEPBUMHHUX BXOJO0OBUX CUTHATYDP.

Pucynok Hmxkue cxemarudHo urrocrpye Kaacudixauis cuehamyp 3emeavho2o nokpuey JJist IPOCTOrO BU-
MajKy JBOX CIHEKTPAJHHUX KAHAJIB & Ta Y. Bu3HadeHI KOpUCTyBadeM CHEKTPAJIbHI 00J1aCTi O3HATYIOTH
TpU KJIACH (Jq, gp TA gc). TOUKA P HAJIEKUTH J0 KIACY (4, & TOYKA P - JIO Kiacy gp. OJQHaK TouKa
P3 TMOTPAILISAE BCEPEUHY CIEKTPATIbHUX 00acTell 060X KIaci gp Ta g. (061acTi, Mo MepeKprBaOThHCs );
B TAKOMY BUIIAJIKy TOKa pP3 3aJMIIATHCA HEKJIacu(piKOBaHOW abo Oyje KiaacudikoBaHa 3a J0JaTKOBUM
aJIropuT™MoM Kjracudikariii. Touka py 3HAXOAUTHCS 11032 MEXKAMU Oy/Ib-sIKOI CIIEKTPaJIbHOI 00JI1aCTi, TOMY
BOHA 3aJIUIINTHCS HEKJIACH(DIKOBAHOIO abo Oyie kKiaacudikKoBaHa 3a JOIATKOBUM ajJrOPUTMOM KJracudi-
Kamii. 3a yMOBH, IO TOYKA Py HAJIEKUTH JI0 KJIACY (., CHEKTPAJbHA 0DJIACTD MOXKE OyTH pPO3IIHUPEHA,
1100 BKJIIOYUTH TOUKY Py -

e € moupibuaum mo Kaacugirauis napasenenineda (page 130), 3a BUKIIIOUEHHSIM TOTO, IO CIIEKTPAJIbHI
00J1acTi BU3HAYAIOTHCS KODUCTYBadeM 1 IX BepxHil Ta HIKHIN JiMiTh MOXKyTh OyTH Hpu3HadeHi He-
zajiezkao. CriekTpaJsibHi 001aCTi MOXKHA, YSIBUTH $IK HADIp CIIEKTPAJbHUX CUTHATYPHU BCIX IMIKCETB, 110
HaJIe2KaTh JI0 OJIHOTO KJIACy.

Ha pucysky ['pagix cnexmpasvrux dianasonis (page 131) moka3aHo CIEKTPAJbHI JTiaa30HN TPHOX KJIa-
CiB (ga, gb TA gc); KOJBOPOBI JiHIT BeepenuHi Hiana3onis (To6TO HAMIBIPO30POI 06IACTI) IPEICTABIAIOTH
CITEKTPAJIbHI CUTHATYPHU MIKCEJIiB, IO BU3HAYAIOTH BEPXHIN Ta HIKHINA JIMITH BIIMOBIMHUX Tiana3oHIB.
Mikcesnnb p; (KpankoBa JiHis) HAJEKUTH JI0 KJIacy ¢, TOMY LIO HOro CleKTpajdbHa CUTHATYDA 3HAXO/M-
ThCsl HOBHICTIO BCEPEIMHI Jiiana3oHy Kiacy gp (V BepXHbOMY JiMiTi); mikcesb py (IMyHKTUPHA JiiHisd) HE
KJtacudikoBaHUil, TOMY IO #Or0 CHEKTPAJIbHA CUI'HATYPA HE BXOAUTH HOBHICTIO 70 KOJTHOIO Jialla30Hy;
nikcesib ps (KPAKoBa JIiHisT) HAJIEKUTH JI0 KJIACY Jq-

Bapro 3asnauwTn, 1mo mi crekTpaJibHi TOPOTOBI BEJIMYUHU MOXKYTh OYTH 3aCTOCOBaHI 10 Oy/b-sIKOI CH-
THATYDPH, OE3BITHOCHO 11 CIIEKTPAJBbHUX XAPAKTEPUCTHUK; I (PYHKIs MOxKe OyT Jy’Ke KOPHUCHOIO IIJIst
BiTOKpeMJIEHHS TOMIOHUX CIEKTPAJIHHUX CUTHATYP, IO BiAPI3HAIOTHCS JIUINE B OTHOMY KaHaJsi, 3 BU-
3HAYEHHSM IIOPOTOBUX BEJIUYHUH, SKi BKJIIOYAIOTH a00 BUKJIIOYAIOTH KOHKpeTHI curHarypu. PakTuyHo,
KJIACH BiJIOKPEMJIIOIOTHCSI KOPEKTHO SIKIIO IX CHEKTPaJibHI 00J1acTi HE NEePEeKPUBAIOTHCsI NIPUHANMHI B
OJIHOMY KaHaJIi. 3BUYAIHO, HABITH 38 HASIBHOCTI IEPEKPUTTSsI CIIEKTPAJBbHUX 00J1acTeil € MOXKJIUBICTD, 1110
JKOJIEH MIKCeJIb He NOTPAIUTh /10 06J1acTi nepeKpuTTs i He Oyjie HeBipHO KiacudikoBanuii; Bepxuiii (a6o
HYZKHIN) JiimiT obaacri He nepenbadae iCHyBaHHs Ha 300pazKeHHI Oyib-gKOI CIEKTPAIbHOI CUTHATYDH,
o Mae MakcuMaJbHe (a60 MiHIMaJbHe) 3HAYEHHs Jalla30Hy 3a BCIMa KaHAJAME (HAIPUKJIAJL [KCEIb
math:p 1 pucynka 'pagix cnexmpanvrur dianasonie (page 131) He Mir 6u icHyBaTH).

Opmiero 3 rosoBHuX mnepesar Kaacudikauii cuehamyp 3eMesvHur nokpueie € MOYXKJIUBICTb BUOODY Ii-
KCeJIB Ta BKJIIOYEHHS IX CUTHATYD 10 CIIEKTPAJbHOIO JHAaNa30Hy; BiaTak, Kaacudikallis MOBUHHA OyTH
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P1 € ga

Pz € go

P3 € go & p3 € Q¢
ps unclassified

Fig. 9: Kaacudirayis cuenamyp 3emeavrozo nokpusy

Value

P1 € go

_..-- P2 unclassified

pPs € gc
Band

Fig. 10: I'pagpix cnexmpasvnux dianazonis
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6e3mocepeIHIM TIPEICTABICHHIM KJIACy, IO OYiKYEThCS JJIsi KOYKHOI CIeKTpasbHol curnarypu. 1le myzxe
JlopedHo it Kiacudikallil €IuHOr0 KJacy 3€MeIbHOTO MOKPUBY (BU3HAYEHOrO 3a crenudidHuMu cre-
KTPaJIbHUMU TIOPOrOBUMU BEJTUYUHAMU ) TA 3AJUIIAE HEKIacu(DIKOBAHOIO 1HIY YaCcTUHY 300parXKeHHS, KA
He TIPeJCTABIISE IHTepecy s il Kiaacudikarii.

Pactp anroputmy

Pactp ajropuTMmy IpeacTaBiisie «BiIcTaHb» (BIAMOBIAHO 10 BU3HAYEHHS aJrOpPUTMY KJacudikaril) -
KCeJist 300paskeHHs JI0 [TeBHOI CIIEKTPAJIBHOI CUTHATYPH.

3/1e0LITBIITOr0 PACTP AJTOPUTMY CTBOPIOETHCS JJIsi KOYKHOI CIIEKTPAJIBHOT CHIHATYPH, BUKOPUCTAHOI B STKO-
CTi HABYAIBHUAX BXOJOBUX JAHUX. SHAYEHHS KOXKHOTO IIKCeJIs I1e PE3YJIbTAT PO3PAXYHKIB aJIrOPUTMY /IS
KOHKDETHOI CIIEKTPaJIbHOI CHrHATypu. Binrak, mikcesap HaJeKUTh JI0 Kiacy X dKINO 3HAYEHHS pacTpa
AJTOpUTMY, IIO BialOBizae xnacy X € HafinmkauMm y Bunagky Minimanvnoi eidemani (page 126) abo
Kapmozpadysarnns cnexmpanvrozo kyma (page 129) (abo maiiBumum y Bunaixy Makcumanivrol eipoezi-
dnocmi (page 127)).

Sasexno Bin kiaacudikaril Moxke OyTu 3pobsieHa KOMDOIHAIST PACTPIB AJITOPUTMY, OO CTBOPUTH PACTP
HaliMEeHIUX «BijgcTamel» (TOOTO IMiKCeJi MAIOTh 3HAYEHHS PACTPA AJTOPUTMY, IO CIIBBLIHOCUTBCS 3
KJIACOM JI0 SIKOI'O BOHHU HaJlexkaTh 3a Kiacudikarieo). Takum qunoM, neii pactp MoxKe OyTu KOPUCHUM
JIJIS BUSHAYCHHS IKCEJIIB, M0 IOTPEOYIOTh JOAATKOBOIO 360py HOMIOHUX CIIEKTPAJILHUX CUIHATYD (1UB.
ITonepedniii nepeeasd pesyavmamis xaacudirauii (page 38)).

4.3.6 CnekTpanbHa BigCTaHb

Jtst TOro, 1006 OIIHUTH, YU TO/IIOH] K/TACH HACTIILKY, IO 1€ MOYKe ITPU3BECTH JI0 TIOMUJIOK KJiacuikarrii,
JIOIJIHO OIIHIOBATH CIIEKTPAJIbHY BifcTadb (200 BIIOKPEMHICTH) MiK HABYAJLHAME CATHATYDAMH Ta
mikcessmu. B SCP peasi3oBaHO HACTYITHI aJITOPUTMU JJIsi OIIHKY MOMIOHOCT] CIIEKTPAIbHAX CUTHATYP.

Bigcranbs Oxxedpica-Mauycitu

Bincrann Jlxedpica-Marrycitn po3paxoBye BiJIOKPEMHICTH JBOX PO3MOMiiIiB iMoBipHOCcTei. Ile moxke
O6yTu 0COOJIMBO 3MICTOBHO Jijisl OINIHIOBaHHSI Pe3yJsbTariB Kjacudikamiit Maxcumanivroi eipozidnocmi

(page 127).
Bincrans dxedpica-Marycitu J,, pospaxosyerses gk (Richards and Jia, 2006):

Juy =2 (1 - eiB)

me:

PO
% + 5y =

1 1
B = g(x—y)t <2> (zfy)+§ln m
ze:

® I = BEKTOp IIEPIO0l CIEeKTPAJbHOI CUTHATYDH;

® Y = BEKTOD JIPYTIOl CIIEKTPAJILHOI CUTHATYPU;

e 3, = Marpullg Kosapiamii Bubipku z;

e >, = MaTpuIF KoBapiarii Bubipkn y;

Bincrans Txkedpica-Marrycitu acummrorsa 10 2, Ko CUTHATYPU abCOJIIOTHO Pi3Hi, 1 HAOINKAETHCS 10
0, KoM CUTHATYDPH 1J€eHTHIHI.

132 Po3gin 4. KopoTkuii BCTyn 40 AUCTAHUIAHOro 30HAYBaHHS



Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

CnekTpanbHuii KyT

CrekTpanpHAil KyT HaHOLIBIN NPUAATHUNA I OIHKHA aJrOpuTMy Kapmozpadycarisi cnekmpanbHiozo
kyma (page 129). Cuekrpanbuuii Kyt :theta Busnadaerbes gk (Kruse et al., 1993):

1 Z?zl TiYi

(Siad)? « (S’

O(z,y) = cos™

He:
® I = BEKTOD CIEKTPAJIHHOI CUTHATYPHU IIKCeJs 300parKeHHsH;
® Y = BEKTOpP CIIEKTPAJIbHOI CUTHATYPHU HABYIAJIBLHOI 00JIACTI;
e 1 = KiJIbKICTh KaHaJIB 3HIMKA.

Cuekrpanpauit Kyt izge Bix 0, Koau curaatypu igenrudsi, 10 90, Kojau curHaTypu abCOIOTHO Pi3Hi.

Esknipgosa siacraHb

EBkiiioBa BijcTanh 0COOJIMBO KOPUCHA JIJIsl OIIHIOBaHHSI Pe3y/IbTaTiB Kiaacudikariit MinimaivHol 6i0-
cmani (page 126). PakTUIHO BiJICTAHD BUBHAYAETHCS SK:

ze:
® I — BEKTOp IEPINO] CIEKTPAJbHOI CUTHATYPU;
® Y = BEKTOp JIPYIrol CIEKTPAJIbHOI CUTHATYDU;
® 1 = KIJbKICTh KaHAJIB 3HIMKA.

EskuiinoBa Bimcrann jgopiBuioe () SKINO CHTHATYPH iJ€HTHYHI 1 3pOCTa€ i3 3POCTAHHAM CIIEKTPAJIbHOL
BiZicTaHl MiXK cUTHATypaMU.

Mopi6Hicte Bpes-Keprica

Ilonibuicrs Bpes-Keprica e crarucruka, 1o BUKOPUCTOBYETHCS JJIs OIHIOBAHHS CIIOPIIHEHOCTI MiXk
k)

nBoMa Bubipkamu (duraiite). Bona KopucHa 3arajom jyist OIiHKY HOAIGHOCTI CIEKTPAJILHUX CUTHATYD,

noxi6uicrs Bpes-Keprica S(x,y) po3paxoByeTbes sik:

IR o
Dim1 Tt D Yi

S(z,y) = 100 — (

ze:
® I = BEKTOp IEePIIO0]l CIEeKTPAJbHOI CUTHATYPU;
® Y = BEKTOD JIPYIOl CIIEKTPAJILHOI CUTHATYPU;
® 1 = KIJIbKICTh KaHaJIiB 3HIMKA.

Tloxi6uicTs Bpes-Keprica pospaxoByerbest y Bigcorkax i 3MiHIO€THC Bijt 0, KOJU CUTHATYPU aOCOTIOTHO
pisHi, 1o 100, KoM CIEKTpAIbHI CUTHATYPH 1EHTATHI.

4.3.7 Pe3ynbTaT knacudikauii

Pesynbrarom nporecy kiuacudikanii € pactp (auBiThes npukian Kiaacudikanil Landsat wa pucynky Kaa-
cugpirayis Landsat (page 134)), ne 3HaueHHs MIiKCeJB CHIBBITHOCIATHCS 3 yHIKAJIbHUMY ineHTHdIKATOPA-
MM KJIACIB 1 KOYKHUI KOJIP MPEJICTABJISIE KJIAC 3eMEeJILHOTO TOKPUBY.
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B vegetation 5
B vegetation 6
soil

soil 2

Fig. 11: Kaacugirxayin Landsat

Jami mocTynHi 3 [eomoriumol cuyx6bm CIIA

IeBHA KUIBKICTD IIOMUJIOK MOYKE TAILIATUCH B Kjacudikallii 3eMeIbHOr0 MOKpuUBY (TOOTO IiKCesi BijHe-
CeHl 710 TIOMUJIKOBOIO KJIACY 3€MEJIbHOIO IOKPUBY) 4Yepe3 CIEKTPAJIbHY HMOAIOHICTh KiaciB abo HeBipHe
BHU3HAUYEHHd KJacy iy gac 36opy ROL

4.3.8 OuiHka TOYHOCTI

Ilicas mporecy kaacudikariiil JOMUILHO OIIHATH TOYHICTH Kaacudikallil 3eMeIbHOTO TOKPUBY 3 METOIO
imenTudikaIil Ta BUMIpIOBaHHS IOXHOOK KapTH. 3a3BUYail OIiHKA TOYHOCTI BUKOHYETHCSI 3 PO3PaXyH-
KOM MATPHI MOXUOOK, fKa € TabJIMIero, MO MOPiBHIOE 1H(MOPMAINID KAPTH 3 KOHTPOJBHUMU JAHWUMUI
(To6TO 3 JAHUMU MIJCYIyTHUKOBUX CIIOCTEPEXKeHb) JJIsd IeBHOI KijbKkocTi npobuux aingnok (Congalton

and Green, 2009)..

Hactynma tabauisg cxemMaTudHo 300pakKye MaTPHITIO MOXUOOK, Je kK 1e umncyio KjaaciB, mo igeHTudiky-
I0ThbCs B KJlacudikariil 3eMeIbHOr0 MOKPHUBY, & N e 3arajbHa KiJIbKICTh 3i0paHux ejeMeHTiB BUOIpKH.
Enementu ocuoBHO! miaronasi (ail) me KiIbKiCTh BIpHO imeHTH(hIKOBAHUX €EMEHTIB, & IHII eJeMEeHTH
SIBJITIOTH CODOI0 MOXMOKY Kiracupikarii.

Cxema mampuyi noxubox

MigcynytHukose cnocte- | ligcynytHukose cnocte- | ... | MigcynytHukoee cnocte- | Cy-
pexkeHHs 1 peXeHHs 2 pexeHHs k Ma
Kunac | a1 ais o | a1k a4+
1
Kunac | as; o9 .| agk a2+
2
Kaac | ap ar2 el | agk fy
k
Cy- 41 G429 coe | agg n
Ma

Binrak, Moxk/MBO po3paxyBaTu 3arajbHY TOYHICTH SIK BiJIHOIIEHHsI KLJIBKOCTI €JIEMEHTIB, IO KJiacudi-
KOBaHi BIpHO (CyMa OCHOBHOI miaronaJsi), /1o 3arajbHOI Kiibkocti ejgementis Bubipku n (Congalton and
Green, 2009).

The overall accuracy (also expressed in percentage) is defined as:

k
0= Zaii/n
i=1

Ther user’s accuracy for each class is defined as the ratio (also expressed in percentage) between correct
samples and the row total:

Ui =aii/ai+
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The commission error CE; = 1 — U; corresponds to pixels classified as class i 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 = an‘/ a4
The omission error OF; = 1 — P; corresponds to pixels actually belonging to class ¢ that were classified
erroneously as a different class.

User’s accuracy is It is recommended to calculate the area based error matrix (Olofsson, et al., 2014)
where each element represents the estimated area proportion of each class. This allows for estimating
the unbiased user’s accuracy and producer’s accuracy, the unbiased area of classes according to reference
data, and the standard error of area estimates.

s oTpuMaHHS TOAJIBINOI iHMOpMAIil BITbHO IOCTYIIHA HACTYHHA JOKyMeHTaris: Landsat 7 Science
Data User’s Handbook, Remote Sensing Note abo Wikipedia.

4.4 Image processing

Remote sensing images can be processed in various ways in order to obtain classification, indices, or
other derived information that can be useful for land cover characterization.

4.4.1 AHani3 rosOBHUX KOMMOHEHT
Auwnauiz rosopuux xkomnonent (Principal Component Analysis - PCA) ne meros 3MeHIenss BUMipHOCTI
aminHuX (KaHauiB) 70 rosioBaux Kommornent (JARS, 1993).

Tpancdopmaliist FOJIOBHIX KOMIIOHEHT HAJIA€ HOBUH HabIip KaHAJiB (FOJIOBHUX KOMIIOHEHT), SIKi MAKOTh
HACTYITHI XapaKTePUCTUKU: TOJIOBHI KOMIIOHEHTU HE KOPEIIOIOTh; KOYKHA HACTYITHA KOMIIOHEHTA MA€ JIUC-
epciro MeHIIy, HiXK momnepeaHs KOMIIOHeHTa. Bigrak, e edeKTUBHUN MeTO, BUOKPEMJIEHHS 1HMOpMAaITil
ra yiiiabaioBanss ganux (Ready and Wintz, 1973).

V sunanky smiMKa 3 N CHeKTpaJbHUME KaHAJAME TOJOBHI KOMIOHEHTH OTPHUMYIOTHCS PO3PAXYHKOM
marpuni (Ready and Wintz, 1973; Richards and Jia, 2006):

Y =D'X
ze:
e Y = BEKTOp IOJIOBHUX KOMIIOHEHT
e D = marpulld BJIacHUX BeKTOpiB Marpuri koBapiamii C, B mpoctopi X
e { [TO3HAYAE TPAHCIIOHYBAHHS BEKTODA

A X po3paxoByeTbCs sIK:
X=P-M
e P = BeKTOp CIIEKTPAJbLHUX 3HAYEHD, IO BiAMOBIIAIOTH KOKHOMY IIKCEIO

e M = BeKTOp CepejiHiX 3HAYEHb, IO BiAMOBITAIOTH KOXKHOMY KaHATY

Binrax, cepemne X, 1o BiIIOBi1a€ KOXKHOMY KaHAJLy cTaHOBUTH 0. D (hOpMYyETbCsI BJIACHUMU BEKTOPAMU
(Marpuni koBapianil C,,), BUOPSIKOBAHUMU K BJIACHI YHMCJIA BiJl MAKCUMYMY J0 MIHIMY, Jisi OTPUMAHHS
MaKCHMAaJIbHOI Jucnepcil y meprmiit koMmmorenTi. TakuM 9uMHOM, TOJIOBHI KOMIIOHEHTH HE KOPEJIIOIOTDH Ta
KOXKHA HACTYIIHA KOMIIOHEHTa Ma€ Juciepcio Mennny, Hixk nonepenus (Ready and Wintz, 1973).

3azBuuail nepmi g8l KoMnoneaTn Mictath nouad 90% mucnepcil. Hanpukiam, mepira roJioBHA KOMIIO-
HeHTa Moxke OyTH Bigmobpaxkena y Koavoposuli komnosum (page 124) s miaKpecaeHHd KIaciB 3emenb-
nut noxpue (page 119) abo BuKopucrana B KOCTI BXOJOBUX JAHUX JJId Konmpoavosana kiacudirais
(page 123).
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4.4.2 TlanxpomaTunyHe ob’egHaHHA

ITarxpomaruane 06’eqHaHHS ab0 MaH-IMIAPIEHUHT 1€ TOEIHAHHS CIEeKTpaJbHOI iHdopMarlii 6ararocie-
krpasibuux Kanauis (MS), ski MaOTh HUKYY BUPI3H:AIBHY 31aTHICTD (11s Kanauais Landsat npocroposa
BUDISHSUIbHA 3JATHICTH CTAHOBUTEL 30 M), 3 MPOCTOPOBOK BUPISHSUIBHOIO 3IATHICTIO MAHXPOMATHIHOTO
kanaiy (PAN), sika qyst Landsat 7 ta 8 cranosuts 15 m. Pesynbratom € GaratocnekTpaiabHe 300pa-
JKEHHsI 3 IIPOCTOPOBOI BUPI3HSIJIBHOK 3/IATHICTIO ITAHXPOMATUIHOIO KaHaiy (tobro 15 m). B SCP 3a-
CTOCOBYETBCsI TIEPETBOPEeHHs BpoBesi, jie epeTBOpeHi 3HaYeHHsT KOYKHOIO 0AraToCeKTPaIbHOTO KaHAJTY
pospaxoByiorbed gk (Johnson, Tateishi and Hoan, 2012):

MSpan = MS x« PAN/I

e I nie IarencuBHicTD, KA € (DYHKIE 6AraToCIeKTPAJbHIX KAHAJIB.

Bignosinno 50 gekinbkox TectiB, mpoBeienux 3 3acrocyBanusm SCP, s I Busnadeno nacrymHi Barosi
xoedimientu. Ina Landsat 8, [nTencuBHicTh PO3PaXOByETHCH SIK:

I = (0.42 * Blue + 0.98 * Green + 0.6 * Red)/2
g Landsat 7, [nTencuBHiCTS PO3PAXOBYETHCH SIK:

I =(0.42 * Blue + 0.98 * Green + 0.6 * Red + NIR)/3

Fig. 12: IIpuxaad snimka Landsat 8, axuii 6ye niddarnum nanrpomamuuromy ob’ednanmro. Jlieopyy nep-
suHHE bazamocnexmpasohi kKarnaau (30 m); npasopyy nancpomamuuno o6’ednani (15 m)
Jarni mocTtymui 3 Teomoriumoil cmyx6m CIIA

4.4.3 CnekTpanbHi iHaekcu

CrexkTpaJibHi IHIEKCH 1€ MaTeMaTWdHi il MiK CHeKTPaJbHUMHU KaHAJAME CIIPSIMOBaHI HA OTPUMAHHS
indopmarii npo pocaunsunit nokpus (JARS, 1993). Oxun 3 HAHGLIBII MOIMYIAPHUX IHIEKCIB Il Berera-
nifiamit innekc HopmasnizoBaHol pisHuni (anri. Normalized Difference Vegetation Index - NDVI),
mo BusHadaeThes sk (JARS, 1993):

NDVI = (NIR — Red)/(NIR + Red)
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Suagenns NDVI Bapitorors Big -1 10 1. ['ycra Ta 3/10poBa POCIUHHICTE JEMOHCTPYE BHIII 3HAYEHHS, &
JINSTHKYA 0€3 POCJUHHOTO TTOKPUBY XapaKTEPU3YIOThCAd HU3bKUMU 3HadeHHs M NDVIL

Tumwmii ingexe ne migcuiiennii Bereraniiauii ingekc (anrsi. Enhanced Vegetation Index - EVI), skuit
HaMaraeThCsa BPaxoByBaTu aTMOCdepHi edpekTH, Taki K eHepreTudHa CBITHICTD, BigbuTa Bia arMocdepn,
PO3PaxOBYIOUN PI3HMILO MixK cuHIM Ta yepBonuM Kanasamu (Didanget al., 2015). EVI Busnauaerbes sk:

EVI = G(NIR — Red)/(NIR + Cy Red — CyBlue + L)

ne: G macmrabamit kKoedirient, C7 ta Co Koedimientu armocdeprux edektis Ta L dhakTop s ypaxy-
Banus audepentiinoro NIR Ta gwepBoHoro BUIIpOMIHHOTO TT€peIaBaHHs Yepe3 POCJTMHHUN moJior. Tumosi
sHadends koedinieaTis cranosiaars: G = 2.5, L =1, C; = 6, Cy = 7.5 (Didan,et al., 2015).

4.4.4 Clustering

Clustering is the grouping of pixels based on spectral similarity (e.g. Esk.aidosa sidemans (page 133) or
Cnexmpanvnui xkym (page 133)) 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 Konmpoavosana kaacugdirauin (page 123) produces a classification whith
the classes identified during the trainining process, the classes produced by clustering (i.e. clusters) have
no definition and consequently the user must assign a land cover label to each class.

The main advantage of clustering resides in automation. Of course, clusters do not necessarily represent
a 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 133) or Cnexmpanvruts xkym (page 133) 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
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having too high varability (i.e. standard deviation) of spectral signatures (Ball & Hall, 1965). Following,
the SCP implementation of ISODATA is described.

At first, the user defines the number of clusters expected in the image, which correspond to as many
spectral signatures (i.e. seeds). Starting spectral signatures can be selected in various ways (e.g. randomly,
provided by the user, calculated automatically from image values). Initial parameteres provided by user
are:

e (' = number of desired clusters

e N,in = minimum number of pixels for a cluster

e 0; = maximum standard deviation threshold for splitting
e D, = distance threshold for merging

During the first iteration clusters are produced calculating the Esxaidosa sidcmans (page 133) 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 ¢
o AVERAGEDIST; = average distance of cluster ¢ with the seed spectral signature
o 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.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 7, if N; < N, , then the cluster ¢ is discarded.
If P <= C then try to split clusters. For each cluster i:
o If omax; > o4 :

1t (AVERAGEDIST, > AVERAGEDISTANCE) AND (N; > (2 * Nyuin - 2) ) OR (C
>2* P):

* create a new spectral signature S, = S;

*

in S; set the value Sk; = Sk; + omax;
* in Spy1 set the value Sk,11 = Sk; - omax;
*x P=P+1
* start a new iteration

If P > (2 * C) then try to merge clusters.

e For each combination xy of spectrals signatures calculate Dy, = Fskaidosa eidcmans (page 133)
of spectral signatures S, and Sy, .

o If the minimum D, is greater than D;:

= S_{i} =N * S_{i} + N; * §_{j})/(Ni + N;)
discard S {j}
- P=P-1

start a new iteration
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After the last iteration, a raster of clusters is produced using the spectral signatures derived from the
last iteration. The number of clusters can vary according to the processes of splitting and merging.

4.5 lNepepaxyHOK 3HIMKa y 3Ha4YeHHS BigOWBaIbHOCTI

B upomy posmisi HaBemeno indopMaliio Mmoo crocody mepepaxyHKy y 3HAYeHHs BiIOMBAJIBHOCTI, peaJti-
zoBanomy y SCP.

4.5.1 EHepretnyHa CBITHICTb Ha anepTypi ceHcopa

Enepreruyna cBiTHIiCTB ¢ “NIOTIK eHepril (IIepeBaskKHO BUIIPOMIHHOI ab0 HAAXIIHOL) Ha OJUHUILO IIPO-
CTOPOBOIO KyTa IIOBEPXHI, 1[0 3aJIUINAE OJUHUITIO ILIOIII IIOBEPXHI B 3a1aH0oMy HanpsMky”, “Erepreruana
CBITHICTH BUMIPIOETHCS CEHCOPOM Ta [EBHOIO MipOIO 3aJ1e2KuTh Bij Bimbusaabaocti” (NASA, 2011, p. 47).

Suivku, Taki gk Landsat abo Sentinel-2, ckiaaorhest 3 IEKITPKOX KaHAIB Ta (hailily MeTaJaHnX, SKAn
MicTUTh iHOpPMAaIi0 HEOOXiIHY I IEPEPAxXyHKY y 3HAYEHHs BiIOMBAJIBHOCTI.

3uivMkn Landsat mocradaroThes y HoepeiHbo 3MacTabOBAHNX 3HAYEHHSIX eHepreTuvHol cBitnocti. s
suivkiB Landsat cmekrpasnpHa rycTuHa eHepreTU4HOI cBiTHOCTI Ha aneprypi cencopa (L), ska
Bumipioerbes y [Br/(M kB. * crepagian * pm)|), Busnauaernes 3a (https://landsat.usgs.gov/Landsat8
Using Product.php):

Ly=Mp*Qca +Ar

Te:

e My = 3ajexHWil BiJ KaHAIY MHOXWJIbHUN KOeDII[€HT mepeMaciTaboByBaHHsI 3 METAJAHUX
Landsat (RADIANCE _MULT BAND _x, sie X 1ie HOMep KaHAJLy )

e A; = zajexHuil Bij KaHAJy aauTUBHUIA KoedinienT nepemaciiraboByBanisa 3 Metajganux Landsat

(RADIANCE ADD_ BAND_x, je X 11e HOMED KaHAJLy)
e (Qcqi = JMCKPETH30BaHI Ta KalibpoBaHi 3HAUEHHS MiKCeTiB cTangapTHOrO npoayKry (DN)

3uimku Sentinel-2 (Level-1C) nmocrauarThbest BKe MOIEPEIHBO 3MACIITA00BAHUME Y Bidousanvricms Ha

nosepxni ammocepu (TOA) (page 139) (ESA, 2015).

4.5.2 BipbuBanbHicTb Ha nosepxHi atmocdepu (TOA)

SHIMKHI y 3HAYEHHSIX €HEPreTHIHOI CBITHOCTI MOXKYTh OyTH mepepaxoBaHi y BiIOWBaIbHICTD Ha TTOBEPXHI
armochepu (TOA) (komGiHOBaHY BiOMBAIBHICTH 3eMHOI TOBEPXHI Ta aTMocdepn) 3 METOK 3MEHIIEHHST
MIHJIMBOCTI MiXK CIIEHAMHU IILJISIXOM HOPMYBaHHS 3Ha4YeHb €HEePreTHJIHOI OCBITJIEHOCTI COHIIEBUM IIPOMIH-
mamio. Binbusamsuicts TOA (p),), sika € 6e3po3MipHIM BiAHONIIEHHIAM BinGUTOL 10 3araibHOl IOTYKHOCTI
enepril (NASA, 2011), po3paxoByerbest sK:

pp = (7% Ly % d*)/(ESUN) * cosf)

me:

e [\ = CIeKTpaJibHa I'yCTHHA €HEPreTUIHOI CBITHOCTI Ha anepTypi ceHcopa (eHepreTHdHa CBITHICTH
HA CyIyTHUKY )

e d = Bincranp MK 3emsero Ta COHIlEM B aCTPOHOMIYHUX OJMHMIEX (IOCTadaeThest 3 baii-
joM Meragannx Landsat 8, Takoxx MoxkHO cropucrtaruch daitiom Excel, mocrymamm 3 http:
landsathandbook.gsfc.nasa.gov/excel _docs/d.xls)

e ESUN) = cepemnst ek30aTMOChEpPHA €HEPIeTHIHA OCBITJIEHICTH COHIIEBUM TPOMIHHSIM

0s = coHneBuil 3eHITHUIT KyT B rpajycax, sikuii gopisaioe 05 = 90° - 0., e 6. ue Bucora CoHig
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Bapro 3ayBazkutu, mo gani Landsat 8 mocrauaroTbes 3 3a/1€:KHIMU BiJl KaHAJTy KoedilieHTaMu mepeMac-
mTabOBYBaHHsI, SIK1 JIO3BOJISIIOTH 3IHICHIOBATH Oe3mocepeiHe nepepaxybanist 3 DN 1o BijduBabHOCTI

TOA.

3uivMku Sentinel-2 mocradaioThest y BxKe 3MaciTaboBannx 3uadeHnsax Bimdousaabaocti TOA, ki MOXKYTDH
O6yTu mepepaxoBati 510 BimouBasbrocTi TOA 3a J0IOMOrOI0 MPOCTOrO MepepaxyHKy 3 3aCTOCYBaHHSM
3HavYeHHs KBaHTH]IKalil, HaBegeHoro B Meraganux (aus. https://sentinel.esa.int/documents/247904
349490/S2 MSI Product_ Specification.pdf).

Sentinel-3 images are already provided in scaled TOA radiance. Conversion to reflectance is performed
applying the coefficients scale_factor and add_offset provided in the metadata of each band. The
ancillary raster tie_geometries.nc provides the value of sun zenith angle and the ancillary raster
instrument_data provides information about the solar flux for each band, which are used for the
conversion to reflectance with the correction for sun angle. In addition, the georeferencing of the bands
is performed using the ancillary raster geo_coordinates.nc which provides coordinates of every pixel.

4.5.3 BigbuBanbHicTb noBepxHi

st BUMiproBaHHs BiIOMBAJILHOCTI Ha 3eMHIN TMOBEpXHI MOBUHEH OYTH BpaxOBaHWi BIINB aTMocdepn
(To6TO0 36ypeHHs! BiIOUBAIBHOCTI, sIKe 3aJI€2KAUTH BiJl JTOBKUHUA XBUJIL).

Bignosigno mo Moran et al. (1992), BigbuBasbHicTh 3eMHOT moBepxHi (p) 1e:
p=[m*(Lx— L) *d*/[T, x ((ESUNy * cosfs * T.) + Egown)]

Je:

L, emepreTwuHa CBiTHICTB, BinbuTa Bif armocdepn

T, mpomycKaJIbHa 3AATHICTH aTMOC(HEPH B HAIIPSIMKY OTJISIITY
e T, mpomycKaabHa 3JIJaTHICTb aTMOC(EPH B HAIIPSAMKY OCBITJICHHS
o FEjown HU3XIJIHA €HEPreTUYHa OCBITJIEHICTH PO3CISHUM IPOMIHHSAM

Takum 4uHOM, IJId PO3PAXYHKY p HEOOXIJHO IPOBECTH JeKiibKa arMochepHUX BUMIPIOBaHb (3 METOIO
OTpUMAaHHs [OIPABOK Ha mizicrasi abcosoTHUX (BisMYHMX BeaM4uH). B gKOCTI ajbrepHATHBU MOXKHA
CKOPHUCTATHUCH BiJTHOCHUMM TEeXHiKaMM HA OCHOBi 3HIMKAa, sKi He mepeadavaioTbh MPOBEIEHHS IT0-
3a,1a60paTOPHUX BUMIDIOBAHb ITiJI YaC OTPUMaHHS 3HIMKa. Bapro 3a3HaduTH, 1o it gaHux Landsat
8 mocrynui Surface Reflectance High Level Data Products (ma Giabm pokmaasol indopmartii
quraiite http://landsat.usgs.gov/CDR_ LSR.php).

4.5.4 Kopekuis DOS1

Biguimanus TemHoro o6’ekra (anri. Dark Object Subtraction - DOS) e rpyna BignocHux merozis
armocdeproi kopekiiil. Chavez (1996) mosicHIOe “OCHOBOIO € TIPUITYIIIEHHS, IO JesIKi TKcesl 306paskeHHsT
[TOBHICTIO 3aTiHEHI 1 1X eHepreTuYHa CBITHICTD, 110 OTPUMYETHCS CEHCOPOM, IIPEICTaBJIeHa ATMOC(HEPHIM
poscitoBanngM (eHepreTudHa cBiTHiCTb, Baibura Big armocdepn). Ile npunyrienns moenanyerbes 3 dba-
KTOM, IO JIUIIIe He3HAYHA KiJIbKICTh 00’€KTiB Ha MOBEPXHI 3eMJli € aOCOIOTHO YOPHUMU, OTKE IIPHUILYIIIEe-
HHs MiHIMaJIBHO! BigbuBaibHocTi Ha piBai 1% kpame 3a 0%”. BapTo 3ayBaskuTh, MO TOYHICTH BiTHOCHUX
TEXHIK KOPEKIIil 3arajoM HUXKYa 33 TOYHICTb abCOIOTHUX, IO I'PYHTYIOTHCS HA peaJbHuX (Mi3uIHuxX
BeJIMUYMHAX. WM He MeHIlle, BOHH MOXYTb OYTH KOPUCHUMH 33 BIJICYTHOCTI JOCTYIIHUX aTMOC(EPHUX
BUMIPIOBaHb, OCKIJIbKHA MOXYTb ITOKPAIIUTHA OIHKY BiIOMBaJBHOCTI 3eMHOI moBepxHi. EHeprermuna
cBiTHiCTB, BigdbuTa Big armocdepu 3a (Sobrino, et al., 2004):

Lp = Lyin — LDOI%

me:

® L,in = «EHEpPreTUIHa CBITHICTD, IO CIIiBBIAHOCUTHCS 3 AUCKPETHUM 3HATEHHSIM, [JIS IKOTO CyMa
BCix mikcesiB 3 MeHmuMEu abo piBHUME 3HadeHHsMU craHoBuTb 0.01% Bim 3arajbHOl KiJbKOCTI
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nikcesiB Beboro 306pazkennst” (Sobrino, et al., 2004, p. 437), oT:ke oTpuMaHa Ha MiJCTaBl IBOrO
JIICKPETHOTO 3HaUYeHHsI eHepreTuaHa CBITHICT (D Nppin)

e L.po19 = eHepreTwdHa CBITHICTH TEMHOTO 00’€KTa, IO 3a MPUILYIIEHHSIM Ma€ 3HAYCeHHS BiI0OUBaJIb-
mocti 0.01

3okpema it 3HIMKIB Landsat:
Lmin = ML * DNmzn + AL

3uivMku Sentinel-2 mepepaxoByOThCsT y 3HAYEHHS €HEPreTHIHOI CBITHOCTI 70 MPOBEIEHHST PO3PAXYHKIB

DOSI.

Enepreruyna cBiTHicTh TeMHOro 06’ekra 3a (Sobrino, et al., 2004):
Lpory = 0.01 % [(ESUN)  cos0s * T.) + Egown] * Ty, /(7 % d?)
Takum ynHOM, €HEepreTuvYHa CBiTHiCTB, BigOuTa Bim armocdepu, CTaHOBUTD:
L, = My, % DN,yin + Az — 0.01 % [(ESUN, % cos0s * T.) + Egown] * T/ (7 % d?)
Icnye neximbka Texnik DOS (3okpema DOS1, DOS2, DOS3, DOS4), mo rpyHTYIOTHCS Ha PI3HUX MpH-

nynieHssax momao 1y, T, ta Egown - Haftmpocrimmum merogom € DOS1, sikuit BUXOAUTH 3 HACTYIIHUX
npunymess (Moran et al., 1992):

o T, =1
o T, =1
.Edown:O

Takum YnHOM, €HEepreTUYHAa CBiITHICTB, BigOuTa Big armMocdepu, CTAaHOBUT:
L, = My, % DN,yin + A — 0.01 x ESUN), * cosfl, /(7 x d?)
Pesynbryroua BigOuBaJJIbHICTh 3€MHOI IIOBEPXHI BU3HAYAETHCS 34!
p=[m*(Lx— Lp) * d*]/(ESUN x cosfy)

B macrynniii Tabiuni Hasegeno 3nadenuss ESUN [W /(m2 * pum)| nost cerncopis Landsat.

3navuenns ESUN das xananie 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 sectll 3.html

g Landsat 8, ESUN wmoxe 6yru pospaxosana sk (3a http://grass.osgeo.org/grass6h/manuals/i.

landsat.toar.html):

ESUN = (n*d*) * RADIANCE _MAXIMUM/REFLECTANCE MAXIMUM

4.5. lNepepaxyHOK 3HiMKa y 3HA4eHHs BigbusBanbHOCTI 141


http://landsathandbook.gsfc.nasa.gov/data_prod/prog_sect11_3.html
http://grass.osgeo.org/grass65/manuals/i.landsat.toar.html
http://grass.osgeo.org/grass65/manuals/i.landsat.toar.html

Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

ne 3uadennss RADIANCE  MAXIMUM ta REFLECTANCE MAXIMUM naBesieri B MeTaJlaHuX 3HIM-

Ka.

Buauenuss ESUN [W /(m2 * pum)] mis cencopa Sentinel-2 (HaBejeHi B MeTaJaHNX 3HIMKA) MICTATHCS B
HACTYIHI TabJwnIIi.

Bnauennsa ESUN dasa xananie Sentinel-2

Kanan | Sentinel-2
1913.57
1941.63
1822.61
1512.79
1425.56
1288.32
1163.19
1036.39
955.19
813.04
367.15
245.59
85.25
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Buauenns ESUN [W /(m2 * pum)] miua cencopa ASTER naseseno B nactynuiii rabiauni (3a Finn, et al.,
2012).

3nauenns ESUN dasa wananic ASTER

Kawnan | ASTER
1848
1549
1114
225.4
86.63
81.85
74.85
66.49
59.85

O 00 | O U x| W| DN

TIpukna nopisasaug Bigousaabaocti TOA, DOS1 ckopurosanoi sigbusasbaocTi Ta Landsat Surface
Reflectance High Level Data Products (uincymyTHukoBe criocrepexkentsi) naBelieHo Ha Pucynky Cne-
Kmpaavhi cugnamypu nixceasn 3abydosu (page 143).

4.6 lNepepaxyHOK y TemnepaTtypy

B nipoMy posmisii HaBemeno ocHOBHY iH(MOPMAIIIIO MO0 Coco0y mepepaxyHKy v sicKpaBicHY TeMmepa-
TYypy Ha CyHyTHUKY, peasizoBanomy y SCP Ta OIiHKA TeMOepaTypu 3€MHOI ITOBEPXHI.

4.6.1 lNepepaxyHOK y SiICKpaBiCHY TeMnepaTypy Ha CynyTHUKY

st TepmabHUX KaHaJIIB mepepaxyHok DN B sicKpaBicHy TeMIiepaTypy Ha CYIIyTHUKY BiOyBa€ThCs 3a
BupaszoM (3a https://landsat.usgs.gov/Landsat8 Using Product.php):

TB = KQ/Z?’L[(Kl/L)\) + 1]

me:
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Fig. 13: Cnexmpanvni cuenamypu nikcean 3a6y0o6u
lMopiBuanua BimbusameHocTi TOA, DOS1 cropuromamHol BimbmbanbrocTi Ta Landsat Surface Reflectance
High Level Data Products

e K = 3aJiexkHa BiJ| KaHAJy cTaja TepMaJbHOro nepepaxysky (Br/m xB. * crepazian * um)

o Ky = 3ajiexkHa Bij KaHaJsly craja TepMmajbHoro nepepaxyuky (Kesbsin)

Ta L) crekTpasibHa I'yCTHHA €HePreTHYHOI CBITHOCTI Ha anepTypi ceHcopa, mo BUMipoeTbes y Br/(M kB.
* crepamian * um).

Crami K7 ta Ko mist cercopis Landsat HaBeieHo B HACTYIIHINM TaOJIUII.

Cmani mepmanvrozo nepepaxynky oaa Landsat

Crana | Landsat 4* | Landsat 5* | Landsat 7**
K 671.62 607.76 666.09
K5 1284.30 1260.56 1282.71

* 3a Chander & Markham (2003)
** 3a NASA (2011)
st Landsat 8 snagenns K ta Ko HABOAATHCA B (hailai MeTaJaHuX 3HIMKA.

K ta K, pospaxosytorbes sik (Jimenez-Munoz & Sobrino, 2010):
Kl =C /)\5

Ky =co/A
ne (Mohr, Newell, & Taylor, 2015):
e ¢, — mepmra craja BunpoMimoBaEHEA — 1.191 10 16TWm?2sr—1!
e ¢y — jpyra cTaja BumpoMiHioBanHa — 1.4388 x 107 2mK

Takum unboM, syt kanastis ASTER K; ta Ko HaBejeHO B HACTYIHIN TabJIHIIi.

Cmani mepmanvrozo nepepaxynky s ASTER

Crana | Kanan 10 Kanan 11 Kanan 12 Kanan 13 Kanan 14
Ky 3.024 % 103 | 2.460 % 10% | 1.909 % 10° | 8.900 % 102 | 6.464 * 10>
K, 1.733% 10% | 1.663 « 10° | 1.581 %10 | 1.357 %« 10° | 1.273 % 10°

4.6.2 OuiHOBaHHA TemMnepaTypu 3eMHOI NOBEpPXHi

JeKkibKa TOCIiIZKeHb OMUCYIOTh OIIHIOBAHHS TEMIIEPATypH 3eMHOI MoBepxHi. TemmepaTypa 3eMHOI TO-
BepxHI MOxKe OyTU PO3paxoBaHa HA OCHOBI siCKpaBicHOI Temieparypu Ha cynyrauky T sk (Weng, et al.
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2004):

Te:

T = TB/[1+ ()\*TB/CQ) *ln(e)}

A = JIOBXKWHA XBUJIi BUITPOMiIHEHOI €HEPTreTUIHOI CBITHOCTI
ca=hxc/s=14388%10"2 m K

h = crana ILmanka = 6.626 * 10734 Ix c

s = crana Bombimvana = 1.38 x 10723 Ik /K

¢ = mBHUIKiCTH cBiTa = 2.998 % 108 M/c

3HadeHHs A\ Jis TepMaJbHUX KaHajiB cymyTHukiB Landsat Ta ASTER moxyTs 6yTu pospaxoBani 3
rabiunp B Landsat Satellites (page 119) ta Cynymuurx ASTER (page 122).

Hexinbka mociimzkens sukopuctosysaan NDVI st oniHOBaHHS BUIPOMIHHOCTI 3eMHOI oBepxHi (Sobri-
no, et al., 2004); iHmmi KOC/IiIZKEHHST 3aCTOCOBYBAJIN KIACHMIKAIII0 36MeJILHOTO IOKPUBY JIJIsl BU3HAYEHHSI
BUIIPOMIHHOCTI 3eMHOT TOBEpxHI 11 KoxkHOro Kiacy (Weng, et al. 2004). Hanpukiia, 3Ha9eHHsA BUIIPO-
minnoCTi (€) pi3HUX KJaciB 3eMeJIbHOIrO OKPUBY HaBeJIeHO B HacTylHii Tabuuni (3a Mallick, et al. 2012).

3nauenms sunpominnocmi

Twun 3emHoi nosepxHi | BunpominHicTs e
[ pynT 0.928
Tpasa 0.982
Acdanbt 0.942
Beron 0.937
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The following are very basic tutorials for land cover classification using the Semi-Automatic Classification
Plugin (SCP). It is assumed that you have a basic knowledge of QGIS (you can find a guide to QGIS
interface at this page).

5.1 Tutorial 1

The following is a basic tutorial about the land cover classification using the Semi-Automatic Classifi-
cation Plugin (SCP). It is assumed that you have a basic knowledge of QGIS.

e Tutorial 1: Your First Land Cover Classification (page 147)
— Download the Data (page 148)
— Clip the Data (page 151)
— Convert Data to Surface Reflectance (page 154)
— Define the Band set and create the Training Input File (page 157)
— Crreate the ROIs (page 159)
— Assess the Spectral Signatures (page 167)
— Create a Classification Preview (page 172)

— Create the Classification Output (page 175)

5.1.1 Tutorial 1: Your First Land Cover Classification

This is a basic tutorial about the use of SCP for the classification of a multispectral image. It is
recommended to read the Kopomxuii ecmyn do ducmanuiiinozo sondysarns (page 115) before this tutori-
al.

The purpose of the classification is to identify the following land cover classes:

1. Water;
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2. Built-up;
3. Vegetation;
4. Bare soil.

The study area of this tutorial is Greenbelt (Maryland, USA) which is the site of NASA’s Goddard Space
Flight Center (the institution that will lead the development of the future Landsat 9 flight segment).

Following the video of this tutorial.

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

Download the Data
We are going to download a Landsat Satellites (page 119) image (data available from the U.S. Geological
Survey) and use the following bands:

1. Blue;

2. Green;

3. Red;

4. Near-Infrared;

5. Short Wavelength Infrared 1;

6. Short Wavelength Infrared 2.

TIP : In case you have a slow connection you can download an image subset from
this archive (about 5 MB, data available from the U.S. Geological Survey), unzip the
downloaded file, and skip to Convert Data to Surface Reflectance (page 154).

Start QGIS and the SCP. Open the tab Download products (page 54) clicking the button & in the
Jlomawns (page 26), or in the Menwo SCP (page 23),

We are searching a specific image acquired on 16 April 2017 because it is cloud free. In Search parameters
(page 56) enter the point coordinates:

o UL:-77 / 39
o LR:-76.9 / 38.9

TIP : In general it is possible to define the area coordinates clicking the button [+_, ,
then left click in the map for the UL point and right click in the map for the LR point.

Select L8 OLI/TIRS from the Products ) and set:
e Date from: 2017-04-16
e to: 2017-04-16

Now click the button Find @ and after a few seconds the image will be listed in the Product list
(page 57). Click the item in the table to display a preview that is useful for assessing the quality of the
image and the cloud cover.

Now click the button Q to load the preview in the map.

We can also select the bands to be downloaded according to our purpose. In particular, select the tab
Download options (page 58) and check only the Landsat bands (that will be used in this tutorial): 2, 3,
4,5, 6, 7, and the ancillary data.

For the purpose of this tutorial, uncheck the option L. Preprocess images (you should usually leave
this checked) because we are going to preprocess the image in Convert Data to Surface Reflectance
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Fig. 3: Image preview

(page 154). To start the image download, click the button RUN s and select a directory where
bands are saved. The download could last a few minutes according to your internet connection speed.
The download progress is displayed in a bar.

TIP : The option . Only if preview in Layers allows for downloading only images in the
result table which are loaded as previews in the map. If this option is unchecked, all the
products in the list are downloaded.

After the download, all the bands are automatically loaded in the map.

Clip the Data

For for limiting the study area (and reducing the processing time) we can clip the image.

First, we need to define a Band set containing the bands to be clipped. Open the tab Band set (page 41)

v
clicking the button i in the Mewo SCP (page 23) or the ITanean SCP (page 25).

Click the button o to refresh the layer list, and select the bands: 2, 3, 4, 5, 6, and 7; then click +
to add selected rasters to the Band set 1.

In Preprocessing (page 58) open the tab Clip multiple rasters (page 68). We are going to clip the Band
set 1 which contains Landsat bands.

Click the button |:+_- and select an area such as the following image (left click in the map for the UL
point and right click in the map for the LR point), or enter the following values:
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Fig. 7: Clip area

Click the button RUN 5 and select a directory where clipped bands are saved. New files will be
created with the file name prefix defined in Output name prefiz. When the process is completed, clipped
rasters are loaded and displayed.

Convert Data to Surface Reflectance

Conversion to reflectance (see Enepzemuuna ceimiicmos ma eidousanvna sdammicms (page 118)) can
be performed automatically. The metadata file (a .txt file whose name contains MTL) downloaded with
the images contains the required information for the conversion. Read Ilepepaxynor srimka y snavwerms
sidousanvrocmi (page 139) for information about the Bidousasvricrms na noseprni ammocgepu (TOA)
(page 139) and Bidousasvnicms noseprni (page 140).

In order to convert bands to reflectance, open the Preprocessing (page 58) clicking the button [-F in
the Menw SCP (page 23) or the ITanean SCP (page 25), and select the tab Landsat (page 59).

Click the button Directory containing Landsat bands EI and select the directory of clipped Landsat
bands. The list of bands is automatically loaded in the table Metadata (page 60).
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Fig. 8: Clipped bands

Click the button Select  MTL  file EI and select the metadata file
LCO8_L1TP_015033_20170416_20170501_01_T1_MTL.txt from the directory of downloaded Landsat
images. Metadata information is added to the table Metadata (page 60).

In order to calculate Bidousaaviicmo noseprni (page 140) we are going to apply the Kopexyin DOSI

(page 140); therefore, enable the option L4 Apply DOS1 atmospheric correction.

TIP : In general, it is recommended to perform the DOS1 atmospheric correction for the
entire image (before clipping the image) in order to improve the calculation of parameters
based on the image.

For the purpose of this tutorial, uncheck the option . Create Band set and use Band set tools because
we are going to define this in the following step Define the Band set and create the Training Input File
(page 157).

In order to start the conversion process, click the button RUN s and select the directory where
converted bands are saved.

After a few minutes, converted bands are loaded and displayed (file name beginning with RT_). If L4
Play sound when finished is checked in Classification process (page 98) settings, a sound is played when
the process is finished.

We can remove all the bands loaded in QGIS layers except the ones whose name begin with RT_.
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Fig. 10: Converted Landsat 8 bands

Define the Band set and create the Training Input File
Now we need to define the Band set which is the input image for SCP. Open the tab Band set (page 41)

i
clicking the button i in the Meno SCP (page 23) or the IHaneav SCP (page 25).

In Band set definition click the button — % to clear all the bands from active band set created during
the previous steps.

Click the button 0 to refresh the layer list, and select all the converted bands; then click + to add
selected rasters to the Band set.

In the table Band set definition order the band names in ascending order (click bc to sort bands by
name automatically). Finally, select Landsat 8 OLI from the list Quick wavelength settings, in order to
set automatically the Center wavelength of each band and the Wavelength unit (required for spectral
signature calculation).

We can display a Koavoposuti kxomnosum (page 124) of bands: Near-Infrared, Red, and Green: in the
Po6oua naneawv (page 36), click the list RGB= and select the item 4-3-2 (corresponding to the band
numbers in Band set (page 41)). You can see that image colors in the map change according to the
selected bands, and vegetation is highlighted in red (if the item 3-2-1 was selected, natural colors would
be displayed).

TIP : If a Band set (page 41) is defined, a temporary virtual raster (named Virtual Band
Set 1) is created automatically, which allows for the display of Koavoposuii xomnosum
(page 124). In order to speed up the visualization, you can show only the virtual raster
and hide all the layers in the QGIS Layers.

Now we need to create the Bzodosi nasuanvii dani (page 26) in order to collect Hasuanvii obaacmi
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Fig. 11: Definition of a band set
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Fig. 12: Color composite RGB=4-3-2

(page 124) (ROIs) and calculate the Cnexmpansvna cuenamypa (page 118) thereof (which are used in
classification).

In the ITaneav SCP (page 25) select the tab Brodosi nasuanvii dani (page 26) and click the button IE
to create the Training input (define a name such as training.scp). The path of the file is displayed and
a vector is added to QGIS layers with the same name as the Training input (in order to prevent data
loss, you should not edit this layer using QGIS functions).

Create the ROls

We are going to create ROIs defining the Kaacu ma maxporaacu (page 125). 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 used the Macroclass IDs defined in the following table.

Macroclasses
Macroclass name Macroclass ID
Water 1
Built-up 2
Vegetation 3
Bare soil (low vegetation) | 4
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Fig. 13: Definition of Training input in SCP
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ROIs can be created by manually drawing a polygon or with an automatic region growing algorithm.

Zoom in the map over the dark area in the upper right corner of the image which is a water body. In order

to create manually a ROI inside the dark area, click the button z in the Poboua naneav (page 36).
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).

TIP : You can draw temporary polygons (the previous one will be overridden) until the shape
covers the intended area.

Project Edit View [Layer Settings Plugins Vector Raster Database Web SCP Processing Help
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Fig. 14: A temporary ROI created manually

If the shape of the temporary polygon is good we can save it to the Training input.

Open the Brodosi nasuanvii dani (page 26) to define the Kaacu ma maxporaacu (page 125) . In the
Iepenir cuenamyp ROI (page 29) set MC ID = 1 and MC Info = Water; also set C'ID = 1 and C Info
= Lake. Now click % to save the ROI in the Training input.

After a few seconds, the ROI is listed in the ITepenix cuenamyp ROI (page 29) and the spectral signature

is calculated (because Ld Signature was checked).

As you can see, the C ID in Ilepenix cuznamyp ROI (page 29) 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 ITepeaix
cuenamyp ROI (page 29) you can notice that the Type is B, meaning that the ROI spectral signature
was calculated and saved in the Training input.

You can also see in the tab Maxporaacu (page 30) that the first macroclass has been added to the table
Macroclasses .

Now we are going to create a second ROI for the built-up class using the automatic region growing
algorithm. Zoom in the lower region of the image. In Po6oua naneas (page 36) set the Dist value to 0.08
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Fig. 15: The ROI saved in the Training input
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Fig. 16: Macroclasses
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. Click the button in the Po6oua naneawv (page 36) and click over the purple area of the map. After
a while the orange semi-transparent polygon is displayed over the image.

TIP : Dist value should be set according to the range of pixel values; in general, increasing
this value creates larger ROIs.

Fig. 17: A temporary ROI created with the automatic region growing algorithm

In the Iepenix cuenamyp ROI (page 29) set MC ID = 2 and MC Info = Built-up ; also set C ID = 2
(it should be already set) and C Info = Buildings.

Again, the C ID in Ilepenir cuenamyp ROI (page 29) is automatically increased by 1.

After clicking the button in the Potoua naneaw (page 36) you should notice that the cursor in the
map displays a value changing over the image. This is the NDVI value of the pixel beneath the cursor

(NDVT is displayed because the function Ld Display is checked in Brodosi nasuarvni dani (page 26)).
The NDVI value can be useful for identifying spectrally pure pixels, in fact vegetation has higher NDVI
values than soil.

For instance, move the mouse over a vegetation area and left click to create a ROI when you see a
local maximum value. This way, the created ROI and the spectral signature thereof will be particularly
representative of healthy vegetation.

164 Po3pin 5. Basosi HaBuYanbHi matepianu



Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

SCP Dock » &

m
Lol

yp: MCID: CID: Clinfo : Color:

B |1 1 Lake
B |2 2 Buildings

(€ [& | wv

ﬂ ROl options E Macroclass list kﬂ: ROI Signature list

’ e
Ls
t?_:-.
&
1)
&
*

MCID | 2 2| MCinfo Built-up

e

cip 3 £ Cinfo | Buildings

E + Autosave « Signature E'

E‘lmlvlvlﬁlpllmh Classification bB Training input K] Home

Fig. 18: The ROI saved in the Training input
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Fig. 19: NDVI value of vegetation pizel displayed in the map. Color composite RGB = 4-3-2
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Create a ROI for the class Vegetation (red pixels in color composite RGB=4-3-2) and a ROI for the
class Bare soil (low vegetation) (green pixels in color composite RGB=4-3-2) following the same
steps described previously. The following images show a few examples of these classes identified in the

map.

Fig. 20: Vegetation. Color composite RGB = 4-3-2

Assess the Spectral Signatures

Spectral signatures are used by A.zopummu kaacugirayii (page 126) for labelling image pixels. Different
materials may have similar spectral signatures (especially considering multispectral images) such as built-
up and soil. If spectral signatures used for classification are too similar, pixels could be misclassified
because the algorithm is unable to discriminate correctly those signatures. Thus, it is useful to assess
the Cnexmpanavra eidemans (page 132) of signatures to find similar spectral signatures that must be
removed. Of course the concept of distance vary according to the algorithm used for classification.

One can simply assess spectral signature similarity by displaying a signature plot. In order to display
the signature plot, in the ITepenix cuznamyp ROI (page 29) highlight two or more spectral signatures

(with click in the table), then click the button % The I'pagix cnexmpanvrux cuenamyp (page 102) is
displayed in a new window. Move and zoom inside the I'pagiix (page 105) to see if signatures are similar
(i.e. very close). Double click the color in the Bidoopasumu Ilepenix cuznamyp (page 104) to change the
line color in the plot.
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Fig. 21: Bare soil (low vegetation). Color composite RGB = 4-3-2
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We can see in the following figure a signature plot of different materials.

D SCP: Spectral Signature Plot
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Fig. 22: Spectral plot

In the plot we can see the line of each signature (with the color defined in the ITepenix cuenamyp ROT
(page 29)), and the spectral range (minimum and maximum) of each band (i.e. the semi-transparent
area colored like the signature line). The larger is the semi-transparent area of a signature, the higher is
the standard deviation, and therefore the heterogeneity of pixels that composed that signature. Spectral
similarity between spectral signatures is highlighted in orange in the Bidobpaszumu I[lepeaix cuenamyp
(page 104).

Additionally, we can calculate the spectral distances of signatures (for more information see Cnexmpaavra
sidemann (page 132)). Highlight two or more spectral signatures with click in the table Bido6pasumu

Iepenir cuenamyp (page 104), then click the button .2 distances will be calculated for each pair of
signatures. Now open the tab Cnexmpanvni éidcmani (page 107); we can notice that similarity between
signatures vary according to considered algorithm.

For instance, two signatures can be very similar for Kapmozpadysarns cnexmpanvrozo kyma (page 129)
(very low Chexmpasvnui xym (page 133)), but quite distant for the Makcumanrvhoi eipozidrnocmi
(page 127) (Bidcmans Jowcedpica-Mauycimu (page 132) value near 2). The similarity of signatures is
affected by the similarity of materials (in relation to the number of spectral bands available); also, the
way we create ROIs influences the signatures.

Spectral signature values, standard deviation and other details such as the number of ROI pixels are
displayed in the Xapaxmepucmura cuenamyp (page 107).

We need to create several ROIs (i.e. spectral signatures) for each macroclass (repeating the
steps in Create the ROIs (page 159)), assigning a unique C ID to each spectral signature, and assess
the spectral distance thereof in order to avoid the overlap of spectral signatures belonging to different
macroclasses.
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SCP: Spectral Signature Plot
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Fig. 23: Spectral distances
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SCP: Spectral Signature Plot
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Fig. 24: Spectral signature values
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In the list RGB= of the Po6oua naneav (page 36) type 3-4-6 (you can also use the tool RGB list
(page 44)). Using this color composite, urban areas are purple and vegetation is green. You can notice
that this color composite RGB = 3-4-6 highlights roads more than natural color (RGB = 3-2-1).
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Fig. 25: Color composite RGB = 3-4-6

The following examples display a few RGB color composites of Landsat images.

TIP : Change frequently the Koavoposui komnosum (page 124) in order to clearly identify
the materials at the ground; use the mouse wheel on the list RGB= of the Po6oua naneaw

(page 36) for changing the color composite rapidly; also use the buttons % and f&\- for
better displaying the Input image (i.e. image stretching).

I
It is worth mentioning that you can show or hide the temporary ROI clicking the button = ROI in
Potoua naneav (page 36).

TIP : Install the plugin QuickMapServices in QGIS, and add a map (e.g. OpenStreetMap)
in order to facilitate the identification of ROIs using high resolution data.

Create a Classification Preview

The classification process is based on collected ROIs (and spectral signatures thereof). It is useful to create
a ITonepedniti nepezasnd pesyasvmamie kaacudirauii (page 38) in order to assess the results (influenced
by spectral signatures) before the final classification. In case the results are not good, we can collect
more ROIs to better classify land cover.

Before running a classification (or a preview), set the color of land cover classes that will be displayed in
the classification raster. In the ITepeair cuenamyp ROI (page 29), double click the color (in the column
Color) of each ROI to choose a representative color of each class.

Also, we need to set the color for macroclasses in table Maxpoxaacu (page 30).
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RGB = 3-2-1 RGB = 4-3-2 RGB = 3-4-6

Fig. 26: Built-up ROI: large buildings

RGB = 3-2-1 RGB = 4-3-2 RGB = 3-4-6€

Fig. 27: Built-up ROI: road
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RGB = 3-2-1 RGB = 4-3-2 RGB = 3-4-6

Fig. 28: Built-up ROI: buildings, narrow roads

RGB = 3-2-1 RGB = 4-3-2 RGB = 3-4-6€

Fig. 29: Vegetation ROI: deciduous trees
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RGB = 3-2-1 RGB = 4-3-2 RGB = 3-4-6

Fig. 30: Vegetation ROI: riparian vegetation

Now we need to select the classification algorithm. In this tutorial we are going to use the Maxcumarvroi
sipozionocmi (page 127).

Open the Kaacugpirauis (page 32) to set the use of classes or macroclasses. Check Use M-J C ID and
in Anzopumam (page 35) select the Mazimum Likelihood.

In Honepedwiti nepezasnd pesyavmamie kaacudirauii (page 38) set Size = 300; click the button and
then left click a point of the image in the map. The classification process should be rapid, and the result
is a classified square centered in clicked point.

Previews are temporary rasters (deleted after QGIS is closed) placed in a group named

Class_temp_group in the QGIS panel Layers. Now in Kaacugirauis (page 32) check Use Ld MC

ID and click the button in ITonepedniti nepezand pesysvmamis kaacugirayii (page 38).
We can see that now there are only 4 colors representing the macroclasses.

TIP : When loading a previously saved QGIS project, a message could ask to handle missing
layers, which are temporary layers that SCP creates during each session and are deleted
afterwards; you can click Cancel and ignore these layers; also, you can delete these temporary

layers clicking the button . in Poboua naneasv (page 36).

In general, it is good to perform a classification preview every time a ROI (or a spectral signature) is
added to the ITepenix cuenamyp ROI (page 29). Therefore, the phases Create the ROIs (page 159) and
Create a Classification Preview (page 172) should be iterative and concurrent processes.

Create the Classification Output
Assuming that the results of classification previews were good (i.e. pixels are assigned to the correct class

defined in the ITepenix cuznamyp ROI (page 29)), we can perform the actual land cover classification of
the whole image.

In Kaacugpirayin (page 32) check Use L MC ID. In the Pesyavmam waacudgirauii (page 36) click the
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Fig. 32: Definition of macroclass colors
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Fig. 33: Setting the algorithm and using C ID
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Fig. 34: Classification preview displayed over the image using C ID
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Fig. 35: Classification preview displayed over the image using MC ID
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button s and define the path of the classification output, which is a raster file (.tif). If If-‘] Play
sound when finished is checked in Classification process (page 98) settings, a sound is played when the
process is finished.
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Fig. 36: Result of the land cover classification

‘Well done! You have just performed your first land cover classification.

However, you can see that there are several classification errors, because the number of ROIs (spectral
signatures) is insufficient.

We can improve the classification using some of the tools that will be described in other tutorials.

5.2 Tutorial 2

The following is a tutorial about the functions of the Semi-Automatic Classification Plugin (SCP). It is
assumed that you have a basic knowledge of QGIS.

e Tutorial 2: Cloud Masking, Image Mosaic, and Land Cover Change Location (page 182)

Download the Data (page 182)

Create the cloud cover mask (page 189)

Mask clouds in the Sentinel-2 image (page 190)

Mosaic the Sentinel-2 images (page 190)

Land cover change (page 194)
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Classification RGB = 3-2-1

Fig. 37: Example of error: Water bodies classified as Built-up

Classification RGB = 3-2-1

Fig. 38: Example of error: Built-up classified as vegetation
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5.2.1 Tutorial 2: Cloud Masking, Image Mosaic, and Land Cover Change Location

This tutorial is about the use of SCP for the assessment of land cover change of a multispectral image.
It is recommended to complete the Tutorial 1: Your First Land Cover Classification (page 147) before
this tutorial.

The purpose of this tutorial is to locate land cover change over one year (between 2017 and 2018), using
free Sentinel-2 images.

February 2
Masked Im

Mosaic 2
Image

Fig. 39: Workflow

Following the video of this tutorial.
http://www.youtube.com/watch?v=xm9s97GPs0Y
Download the Data

We are going to download a Cynymuuk Sentinel-2 (page 121) image (Copernicus land monitoring servi-
ces) and use the bands illustrated in the following table.

182 Po3pin 5. Basosi HaBuYanbHi matepianu


http://www.youtube.com/watch?v=xm9s97GPs0Y
http://copernicus.eu/

Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

Sentinel-2 Bands Central Wavelength [micrometers] | Resolution [meters]
Band 2 - Blue 0.490 10
Band 3 - Green 0.560 10
Band 4 - Red 0.665 10
Band 5 - Vegetation Red Edge 0.705 20
Band 6 - Vegetation Red Edge 0.740 20
Band 7 - Vegetation Red Edge 0.783 20
Band 8 - NIR 0.842 10
Band 8A - Vegetation Red Edge | 0.865 20
Band 11 - SWIR 1.610 20
Band 12 - SWIR 2.190 20

Start QGIS and the SCP . Open the tab Download products (page 54) clicking the button k in the
Jlomawmns (page 26), or in the Menio SCP (page 23). In the tab Download products (page 54) click the

button s to display the OpenStreetMap tiles ((©) OpenStreetMap contributors) in the QGIS map,
licensed as CC BY-SA (Tile Usage Policy ).

In general it is possible to define the area coordinates clicking the button E , then left click in the
map for the UL point and right click in the map for the LR point. In this tutorial the study area is Rome
(Italy), therefore click in the map to define the search area, or alternatively, enter these point coordinates
in Search parameters (page 56):

o UL 12.4 / 41.9
o LR: 125/ 41.8

The purpose of this tutorial is to map the land cover change between 2017 and 2018, therefore we need
to download at least two images. Because of cloud cover, we are going to download an additional image
for 2016, which will be used to replace pixels covered by clouds in the first image. We are searching for
three images (tile 33TTG) acquired on:

e 01 January 2017
e 10 February 2017
e 10 February 2018
Therefore, we need to perform three searches. Select Sentinel-2 from the Products ' and set:
e Date from: 2017-01-01
o to: 2017-01-01

In this case, enter LIC_T33TTG in Filter to filter the results only for the tile 33TTG.

Now click the button Find @ and after a few seconds the image will be listed in the Product list
(page 57). Click the item in the table to display a preview that is useful for assessing the quality of the
image and the cloud cover.

Repeat the date definition and the search also for the 2017-02-10 image. You can notice that there are a
few clouds over the area, therefore we are going to mosaic this image with the one acquired on 2017-01-01.

Finally, repeat the search for the 2018-02-10 image.

We can also select the bands to be downloaded according to our purpose. In particular, select the tab
Download options (page 58) and check only the Sentinel-2 bands that will be used in this tutorial and
the ancillary data.

For the purpose of this tutorial, uncheck the option ~ Only if preview in Layers because we want to
download and preprocess all the images listed in the table.
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Fig. 40: Search products
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Fig. 42: Search result of second image
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Before starting the download we need to set the preprocessing options in the tab Sentinel-2 (page 61) for
preforming the Kopexuyin DOST (page 140). Check the options I:f‘l Apply DOS1 atmospheric correction
and I::] Add bands in a new Band set to automatically create a Band set for each image.

E Semi-Automatic Classification Plugin

'@ Band set =
- E¥ Landsat ™ Sentinel-2 | ' Sentinel-3 | B aster | P4 MODIS | k¥ Vector to raster | Js Clip mu

= Basic tools

Sentinel-2 conversion
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Select metadata file (MTD_MSI) ‘

&> Band processing

|« Apply DOS1 atmospheric correction |+ only to blue and green bands |+ Use NoData v
Postprocessing = — bt

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

Band calc
= |
% Batch . P —
| Satellite Product

| # Settings

Band ! Quantification value i Solar irradianc
[/ About
Z[5 User manual
{2} Online help

Support the SCP
Run

Fig. 45: Preprocessing options

To start the image download, in the tab Download products (page 54) click the button RUN s and
select a directory where bands are saved (a new directory will be created for each image). The download
could last a few minutes according to your internet connection speed. The download progress is displayed
in a bar.

After the download, all the bands of all the Sentinel-2 images ((C) Copernicus Sentinel data 2018) are
automatically loaded in the map. We can also display the RGB color composite of the Band sets clicking
the list RGB= in the Poboua naneawv (page 36), and selecting the item 3-2-1.

Create the cloud cover mask

Before the land cover change assessment, we need to remove cloud cover pixels in the image acquired on
2017-02-10. Of course we could perform the same process for all the other images.

In QGIS, load the file MSK_CLOUDS_B0OO.gml that should be inside the directory
L1C_T33TTG_A008556_20170210T100132_2017-02-10 . This vector file represents most of the
cloud cover in the image. In QGIS Layers Panel, left click the vector MSK_CLOUDS_BOO MaskFeature
and select Export > Save Feature as to save this gml file to shapefile (e.g. clouds.shp).

We can convert this vector file to raster using the tab Vector to raster (page 67).

Click the button 0 to refresh the layer list, and select the vector clouds. Check the Il{] Use constant
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Fig. 46: Download of Sentinel-2 bands

value to set the raster value 1 for clouds. Also, in Select the reference raster select the name of a band.
This will create a raster with the same size and aligned to the Sentinel-2 image. Finally click the button

RUN s to create the mask.

We could also improve the mask by manually editing the pixel of the raster using the tool Edit raster
(page 87) or creating a semi-automatic classification of clouds.

Mask clouds in the Sentinel-2 image

We are going to mask all the pixels covered by clouds in all the bands composing the Band set of the
image acquired on 2017-02-10.

In the tab Cloud masking (page 72), set the number of the 2017-02-10 Band set in Select input band set.
In Select the classification we select the mask created at the previous step. Enter 1 in Mask class values.

| |
Finally, uncheck L Use buffer of pizel size to speed up the masking process.
Now click the button RUN s to select the output directory and start the masking process.

Mosaic the Sentinel-2 images

We are going to mosaic the 2017 images in order to create a cloud free image to be used for land cover
change.

We use the image acquired on 2017-01-01 to fill the gaps in the 2017-02-10 image. In the tab Band set

(page 41), add a new Band set with the button ﬁ and add the masked bands.
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Fig. 47: Vector to raster mask
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Fig. 48: Mask clouds
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Fig. 49: New Band set
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Now we can mosaic the 2017 images.

In the tab Mosaic of band sets (page 72), in the Band set list enter the number of the 2017-02-10 masked
Band set, followed by comma, followed by the number of the 2017-01-01 Band set. Now click the button

RUN s to select the output directory and start the masking process.

Semi-Automatic Classification Plugin

Band set
_g neae ster

g Cle

| ‘35 Clip multiple rasters | "‘ Split raster bands g Stack raster bands H Mosaic band sets
= Basic tools

Mosaic of band sets
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P
/| Use NoData value 0

&> Band processing

<>

Output name prefix maosaic
Postprocessing

: Band calc
& Batch
j{. Settings
B about

[z user manual

{=} Online help

Support the SCP

Fig. 50: Mosaic Band sets

We could have used more than 2 Band sets. The process automatically mosaic the corresponding bands
of the input Band sets filling the NoData gaps of the first Band set with the pixels of the following Band
sets. The mosaic bands are automatically added to the map.

Land cover change
We are going to automatically locate the land cover change between the image mosaic of 2017 and the
2018 image.

SCP includes a tool that allows for calculating the spectral distance between every corresponding pixel
of two Band sets, and creating a raster of changes through a spectral distance threshold.

In the tab Band set (page 41), add a new Band set with the button 5:7} and add the mosaic bands.

In the tab Spectral distance (page 77), set the number of the 2017 mosaic Band set in Select first input
band set, and set the number of the 2018 Band set in Select second input band set. In Distance algorithm

check the 2/ Spectral Angle Mapping. Check the L‘—f-] Distance threshold and set the value 10 that is
the threshold used for creating the raster of changes.

Now click the button RUN 3 to select the output directory and start the masking process.
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Fig. 52: New Band set
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Fig. 53: Spectral distance
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After a while, the spectral distance raster and the raster of changes are added to the map

Fig. 54: Raster of changes
This is an automatic method for locating land cover changes. We can see that most land cover changes
are due to crop variations.

For instance, this method could be useful to assess vegetation burnt area or forest logging. We could set
a different threshold value for increasing or reducing the number of pixels identified as changes.

Of course, in order to identify the type of land cover change we should identify the land cover classes of
the images through photo-interpretation or with semi-automatic classification.

5.2. Tutorial 2 197



Semi-Automatic Classification Plugin Documentation, Peni3 6.4.0.2

198 Po3pin 5. Basosi HaBuYanbHi matepianu



Po3zain 6

Advanced Tutorials

The following are advanced tutorials using the Semi- Automatic Classification Plugin (SCP). It is assumed
that you have already performed the Hasosi nasuarvni mamepiaau (page 147).

6.1 Tutorial 3

The following is a tutorial about the functions of the Semi-Automatic Classification Plugin (SCP). It is
assumed that you have a basic knowledge of QGIS.

e Tutorial 3: Accuracy Assessment of a Land Cover Classification (page 199)
— Sample Design (page 200)
— Sample Collection and Photo-Intepretation (page 202)

— Calculation of Accuracy Statistics (page 208)

6.1.1 Tutorial 3: Accuracy Assessment of a Land Cover Classification

Accuracy assessment is a fundamental step after land cover classification in order to evaluate errors,
globally and for each class, and finally evaluate the reliability of the map.

This post is a tutorial about accuracy assessment of a land cover classification using the Semi-Automatic
Classification Plugin (SCP) for QGIS. We are going to use the function of SCP to create ROIs using
stratified random points (a new function of SCP 6.4.0), which will be photo-interpreted and used as
reference for the accuracy assessment. The SCP tool Accuracy (page 79) will take care of the rest,
providing the error matrix and the accuracy estimates.

The following is the video tutorial, and the following text illustrates the phases in detail.
http:/ /www.youtube.com/watch?v=H1cLOyhlygg

Accuracy assessment is performed comparing a sample of points (ground truth) to the classification.
There are several ways to choose the sample size and the allocation thereof (sample scheme). The sample
should be designed in order to achieve low standard errors of accuracy estimates, and usually this is
achieved by random selection of samples.
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Sample design depends on several variables such as the proportions of land cover classes and the standard
errors that we expect for the overall land cover classification and single classes. In order to reduce standard
errors of class specific estimates, it is recommended to stratify the sample. For further details about how
to determine the sample size and the stratification, please refer to «Olofsson, et al., 2014. Good practices
for estimating area and assessing accuracy of land change. Remote Sensing of Environment, 148, 42 —
5T>».

Sample Design

This tutorial assumes that you have already performed the classification of a Landsat image following
the instructions of this previous Tutorial 1: Your First Land Cover Classification (page 147). You can
download the classification raster from this archive .

The land cover classes are described in the following table.

Classes

Macroclass name Class ID
Water 1
Built-up 2
Vegetation 3
Bare soil (low vegetation) | 4

Basically, the main requirement is to provide an adequate number of samples for each class, even if the
class area proportion (W;) is low. The number of samples (V) should be calculated as (Olofsson, et al.,
2014):

C

N =) (Wi=5:)/S,)*

i=1
where:
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;

This requires some conjectures about overall accuracy and user’s accuracy of each class. We should base
these conjectures on previous studies. One can hypothesize that user’s accuracy is lower and standard
deviations S; is higher for classes having low area proportion, but of course these values should be
carefully evaluated.

To get W; start QGIS and load the classification raster.

e

IEE

Open the Menio SCP (page 23) and click the tab 111123 Classification report (page 81) under the submenu
s

238 Postprocessing . This tool allows for estimating class area and class percentage.

Click the button O to refresh the layer list, and select the classification raster in Select the classification

~1: next click RUN 3 to start the calculation; the output report is saved in a text file and displayed
in the tab Output.

The report table contains the percentage of each class, which we divide by 100 to get the required W;.
In this tutorial we assume S, = 0.01 and conjecture the S; values reported in the following table (of
course, these assumptions are specific of this classification, other assumptions should be made for other
classifications).
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Conjectured standard deviations

Land Cover Class | Area m? W, S, | W, xS,
1 976,500 0.0033 | 0.4 | 0.0013
2 111,267,000 | 0.3713 | 0.3 | 0.1114
3 187,018,200 | 0.6240 | 0.2 | 0.1248
4 438,300 0.0015 | 0.5 | 0.0007
Total 0.2382

Therefore, N = (0.2382/0.01)% = 567 is the number of samples that we should distribute among classes.

To stratify the sample we should conjecture user’s accuracy and standard deviations of strata (Olofsson,
et al., 2014).

A rough approximation is considering the mean value between equal distribution (N; = N/¢) and wei-
ghted distribution (N; = N % W;), which is N; = (N/c+ N = W;)/2 as illustrated in the following

table.

Sample stratification

Land Cover Class | Weighted | Equal | Mean
1 2 142 72

2 210 142 176

3 354 142 248

4 1 142 71
Total 567

Sample Collection and Photo-Intepretation
This phase involves the creation of (randomly selected) single pixel Hasuanvni obaacmi (page 124)
(ROIs), and the attribution of a land cover class based on photo-interpretation of each ROIL.

First, we need to define a Band set containing the classification raster that is an input required by the
other tools we are going to use.

r
Open the tab Band set (page 41) clicking the button i in the Memo SCP (page 23) or the Hanens
SCP (page 25). Click the button o to refresh the layer list, and select the classification raster; then

click + to add selected raster to the Band set 1.

We need to create the Bxrodosi nasuanvii dani (page 26) in order to collect ROIs that will be the actual
samples.

In the Haneav SCP (page 25) select the tab Brodosi nasuarvni dani (page 26) and click the button I:i
to create the Training input (define a name such as sample.scp). The path of the file is displayed and
a vector is added to QGIS layers with the same name as the Training input (in order to prevent data
loss, you should not edit this layer using QGIS functions).

Now we are going to create the stratified random sample using the SCP tool Multiple ROI creation.
This tool allows for the random creation of point coordinates according to the sample scheme previously
defined.

TIP : In case you have already collected samples you can import (using the button @) a
shapefile or a csv file containing the coordinates and the classification codes.

This tool works in two steps:

1. randomly select point coordinates defining ROI parameters;
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2. actually create ROI polygons based on point coordinates;

During the first step, in addition to point coordinates, other fields are automatically filled in the table
from the parameters set in the Po6oua naneav (page 36), such as the minimum and maximum ROI
size. In this tutorial we use single pixel ROIs, although cluster sampling (several pixels per ROI) is also
used for accuracy assessment. To avoid manually editing these fields after the random point creation,
in Tumuacosi ROI (page 37) we need to set the parameters Min = 1 and Maxz = 1. Created random
samples will have the size of 1 pixel.

g
Now, open the Menwo SCP (page 23) and click the tab & Multiple ROI Creation (page 46) under the
T

submenu (258 Basic tools .

Semi-Automatic Classification Plugin

I = Band set

z= Basic tools

4 Download produ...

R rob list

i Algorithm band weight ﬁ Multiple ROI creatior Ei Import signatures

I Export

Create random points

3 Number of points | 100 i:| inside grid | 10000 |5| min distance | 100 |_:| Create po
[- Preprocessing _ = S Siiichbulll b5 X

. stratified for the values |raster >0 | of first band of band
£ Band processing

. Point coordinates and ROI definition
Postprocessing : : = = ; - : :
X Y MC ID MC Info cID C Info Min Max

& Band calc
% Batch

2% settings
[/ About

[ user manual

{=} oOnline help

Support the SCP [

Run

W Calculate sig

Fig. 4: Multiple ROI creation

To reduce the photo-intepretation time (considering the illustrative purpose of this tutorial and that
the classification is a subset of a Landsat image), we are going to divide the number of samples by 10
according to the following table (of course, in real cases we must use all the samples as designed).

Number of stratified samples

Land Cover Class | Samples
1 7

2 18

3 25

4 7

Total 57

gt
In Number of points enter 7 that is the number of samples designed for class 1. In the tab & Multiple
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ROI Creation (page 46) check the option I&f‘l stratified for the values and enter the first expression
raster == 1 (notice the double «=»). This expression means that we are going to randomly select
points that fall over pixels having value 1 of the classification (that is the first band of the Band set 1).

Therefore click Create points L to start the random creation. After a while point coordinates will be
added to the table Point coordinates and ROI definition (page 47).

E Semi-Automatic Classification Plugin

& Band set
R roB st

= Basic tools

4 Download produ...

Et Export

& Import signatures

i Algorithm band weight g Multiple ROI creation

Create random points

Number of points | 7%/ linsidegrid | 10000 %|| | min distance | 100 3| Create pc

[= Preprocessing

% Band processing V| stratified for the values |raster == | of first band of band

Point coordinates and ROI definition

& Postprocessing

= X Y MC ID MC Info clID C Info Min Max

& Band calc 1/3445076... 4321073.... 1 MC 1 1 c1 1 1 0.
2/347068.6... 4321917.... 1 MC 1 1 c1 1 1 0.

% Batch 3/344980.7... 4322985... 1 MC 1 1 c1 1 1 0.

e 4/344180.8... 4320997... 1 MC 1 1 c1 1 1 0.
5/336351.3... 4318796.... 1 MC 1 1 c1 1 1 0.

B About 6|344568.5... 4324796.... 1 MC 1 1 c1 1 1 0.
7/346744.3... 4323250 1 MC 1 1 c1 1 1 0.

[£ User manual

{3} Online help

Support the SCP 1

V| Calculate sig

Fig. 5: Samples for class 1

Now we repeat the above steps for class 2. In Number of points enter 18 and in stratified for the values

)

enter raster == 2. Click Create points and the samples will be added to the table.

Repeat the same steps for class 3 (25 points and raster == 3) and for class 4 (57 points and raster
== 4). Now that we have all the required samples we can create the ROIs (the single pixel polygons that
will be photo-interpreted).

Uncheck the option MJ Calculate sig. because we don’t need the spectral signature of ROIs and click

RUN s . After a while the ROIs will be added to the the Training input.

The type R means that, of course, spectral signatures were not calculated. All the created ROIs have
the same MC ID (i.e. macroclass ID) and C ID (i.e. class ID); now we can assign the correct class (MC
ID) to each ROI with photo-interpretation using images with resolution higher than the classification,
or other services such as OpenStreetMap).

In the Ilepeair cuenamyp ROI (page 29), double click on the first ROI in order to zoom to the ROI; after
photo-interpreting the class we can assing the correct MC ID and C ID with a click on the corresponding
field in the ROI list.

Of course we need to perform the photo-interpretation of all the samples, assigning the correct code.
The photo-interpretation should be performed without considerding the classification raster. It is worth
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Fig. 7: A sample over a road photo-interpreted using a Copernicus Sentinel-2 image

highlighting that spatial resolution (i.e. 30m) implies mixed pixels (i.e. pixels made of multiple materials
at ground); therefore, during the photo-interpretation we must consider the most prevalent land cover
in the ROI area.

Calculation of Accuracy Statistics

After the photo-interpretation of all the samples, we can perform the accuracy assessment by comparing
the ROIs to the classification. If you have skipped the previous step, you can download the photo-
interpreted sample from here .

The process will produce an an error raster (a .tif file showing the errors in the map, where pixel values
represent the combinations between the classification and reference identified by the ErrorMatrixCode
in the error matrix) and a text file (i.e. a .csv file separated by tab) containing the error matrix and the
accuracy statistics.

=,
Open the Mewo SCP (page 23) and click the tab & Accuracy (page 79) under the submenu .
Postprocessing .

In Select the classification to assess ) select the classification (click the button 0 if the raster
isn’t in the list).

In Select the reference vector or raster | select the sample vector that is the Brodosi nasuarvii dani
(page 26), and in Vector field ) select MC_ID that is the vector field containing the class values.

Now we can click RUN 3 to start the raster processing.
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Fig. 8: The tool Accuracy

After the calculation the accuracy statistics are displayed in the output interface and the error raster is
loaded in QGIS.

Several statistics are calculated such as overall accuracy, user’s accuracy, producer’s accuracy, and Kappa
hat. In particular, these statistics are calculated according to the area based error matrix (Olofsson, et
al., 2014) where each element represents the estimated area proportion of each class. This allows for
estimating the unbiased user’s accuracy and producer’s accuracy, the unbiased area of classes according
to reference data, and the standard error of area estimates and the confidence intervals. Of course the
standard errors are influenced by the low number of samples that we have collected in this tutorial.

Area based error matriz

Reference
1 2 3 4
Classified | 1 0.0023 | 0 0.0009 | 0
2 0 0.3094 | 0.0619 | 0
3 0 0.0998 | 0.5242 | 0
4 0 0 0.0004 | 0.0010
Total | 0.0023 | 0.4092 | 0.5874 | 0.0010

The overall accuracy is 83.7% that is a good result (above 80%). However, this classification was produced
for the first basic tutorial, therefore the classification could be improved. Also, note that we used a number
of samples lower than designed sample.

The user’s and producer’s accuracy are provided for each class.

Producer’s and user’s accuracy
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Fig. 9: Output
1 2 3 4
Producer’s accuracy | 100.0 | 75.6 | 89.2 | 100.0
User’s accuracy 71.4 83.3 | 84.0 | 714

We can see that classes 1 and 4 (bare soil and water respectively) have low user’s accuracy, while class
2 (built-up) has low producer’s accuracy. We also get the unbiased area estimates (in m?) and the
confidence intervals.

Unbiased area estimates

1 2 3 4
Area 697,500 | 122,645,412 | 176,044,017 | 313,071
95% Confidence interval Area | 352,984 | 33,778,661 | 33,780,877 | 158,436

These estimates are quite different from the ones directly derived from the classification raster (in the
classification report), but are based on reference data. For instance, the class 2 (built-up) has an estimated
area of 122,645,412 m?, while it resulted 111,267,000 m? from the classification raster. Also, the confidence
intervals provide information about the uncertainty of these estimates.

6.2 Tutorial 4

The following is a tutorial about the functions of the Semi-Automatic Classification Plugin (SCP). It is
assumed that you have a basic knowledge of QGIS.
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e Tutorial 4: Postprocessing tools for assessing land cover change (page 211)
— Refine the classifications with direct editing (page 211)
— Classification report (page 213)
— Reclassification (page 215)
— Remove isolated pizels (page 217)
— Assess land cover change (page 219)
— Analyze the context of land cover changes (page 221)
— Assess the spectral signature of changes (page 223)

— Ezxport the changes to vector format (page 223)

6.2.1 Tutorial 4: Postprocessing tools for assessing land cover change

This tutorial aims to analyze land cover change using SCP Postprocessing tools. Basically, we are going
to assess land cover change from two raster classifications, and relate the changes to a land use vector
file. An overview of several postprocessing tools is also provided.

The following is the video tutorial, and the following text illustrates the phases in detail.
http:/ /www.youtube.com /watch?v=0IUosyrdpRw

The tools can be applied to any land cover classification, but we are going to use Copernicus data, which
are freely available (as established by the EU Regulation No 1159/2013 of 12 July 2013) and cover the
European countries. Of course, this tutorial is designed for demonstration purposes and it is not endorsed
by the European Union. The original Copernicus data (produced with funding by the European Union)
are downloaded from https://land.copernicus.eu/ and remain the sole property of the European Union.

Following, a brief description of the data we are going to use.

The Copernicus High Resolution Layers are raster classifications with 20m spatial resolution. Several land
cover classes are available, but in this tutorial we are going to use the Imperviousness Density for 2012
and 2015. These data classify the degree of imperviousness (0-100% of impermeable cover of soil), which
is the artificially sealed area. The Imperviousness Density was produced using automatic derivation based
on calibrated Normalized Difference Vegetation Index. You can find the detailed product specifications
here.

The Copernicus Corine Land Cover is a land use/land cover vector produced by standard methodology
of photo-interpretation of satellite images. The vector is classified in 44 classes divided in 3 hierarchical
levels with minimum mapping unit of 25 hectares. In this tutorial we are considering only the first level
of Corine Land Cover 2012, divided in these classes:

1. artificial surfaces
. agricultural areas

2
3. forests and semi-natural areas
4. wetlands

5

. water bodies

Refine the classifications with direct editing
You can download the data for this tutorial from this archive , or use your own data (two classification
rasters and a land use vector).

For this tutorial, the original Copernicus data were modified by clipping the rasters to a small area over
Florence (Italy).
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Start QGIS and load the two rasters IMD_2012.tif and IMD_2015.tif that are Copernicus Impervi-
ousness Density for 2012 and 2015 respectively. As you can see, the rasters have values from 0 to 100,
representing the degree of imperviousness.

It is useful to refine the classification by photo-interpretation, especially for data produced by semi-
automatic processing.

We can use high resolution images or other services such as OpenStreetMap. For example you can follow
this tutorial Download the Data (page 148) to download satellite images, or you can download a subset
of a Landsat 8 image, already converted to reflectance, from this link (about 27 MB, data available from
the U.S. Geological Survey), unzip the downloaded file, and load the bands in QGIS.

First, we need to define a Band set containing a classification raster (this is required for drawing ROIs).
Open the tab Band set (page 41) clicking the button g in the Menwo SCP (page 23) or the Haneaw
SCP (page 25). Click the button 0 to refresh the layer list, and select the IMD_2012 raster (just this
raster is sufficient); then click + to add selected raster to the Band set 1.

Semi-Automatic Classification Plugin

“ Band set

Multiband image list

= Basic tools |

4 Download produ... Single band list

'[-v Preprocessing |IMD_2012

IMD_2015

*’ Band processing | |, o1 |cog L1TP_192030_20190329_20190404_01_T1_2019-03-29_B2

Postprocessing | | clip_RT_LCO8 L1TP_192030_20190329_20190404 01 T1 2019-03-29 B3

: . Iclin RT 1£08 11TP 162030 20190379 20190404 01 T1 2019-03-79 R4

ﬁ s Band set definition

'g Batch Band set 1 0

2 settings

| { Band name Center wavelength ~ Multiplicative Factor
[ About 1/IMD_2012 1.0 1

'Z[F User manual

@ Online help

4

Support the SCP Quick wavelength settings | Wavelength unit | band r

Band set tools

Create virtual raster of band Create raster of band set (sti Build band overviews Band calc expressions

Fig. 10: Band set definition
Optionally, we can create a band set for the satellite image to display a color composite; open the tab
Band set (page 41) and select all the Landsat bands in the list; click ﬁ to add a new band set, then

click + to add selected rasters to the Band set 2.

In QGIS zoom to an area where we want to correct the classification. In this case we are going to manually
remove a few pixels pretending they are classification errors.

We need to manually create a ROI, but first check that the Band set I is active. Now click the button
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Fig. 11: Band set of the Landsat image

‘ in the Po6oua nanesv (page 36). Left click on the map to define the ROI vertices and right click
to define the last vertex closing the polygon. An orange semi-transparent polygon is displayed over the
image, which is a temporary polygon (in this case we don’t need to define the Training input).

L]

Now open the tool Edit raster (page 87) opening the Menio SCP (page 23) and the submenu 238
Postprocessing . Select the Input raster, for instance IMD_2012. According to the legend of Impervi-

ousness Density, in Lij Use constant value enter 100 (we want to correct impervious pixels; in case
we would like to correct not impervious pixels we would enter the value 0). The other options are fine.

Therefore, click RUN 3 to edit the raster.

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

Of course we could repeat these steps to edit any area of the raster.

TIP : Sometimes changes are not immediately visibile because the raster is not refreshed;
try to zoom out and zoom in to refresh the view.

Classification report

It could be interesting to know the area of each land cover class. In order to get the area statistics, open
=] mnm

112z

the Menro SCP (page 23) and click the tab It[i2¥ Classification report (page 81) under the submenu (228

Postprocessing .
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Fig. 13: The raster modified
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Click the button 0 to refresh the layer list, and select the IMD_2012 raster in Select the classification

>l next click RUN s to start the calculation; the output report is saved in a text file and displayed
in the tab Output.
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@ Online help

Run

Support the SCP

Output

Fig. 14: Report tool

We can repeat the same steps for the IMD_2015 raster. Over the 86% of the area is not impervious.

Reclassification

Before calculating land cover change it is convenient to reclassify the imperviousness degree into two
classes: built-up and not built-up. A possible threshold for the distinction between built-up and not
built-up is 30% (for further information read this document ). We can reclassify the raster using the SCP
tool, obtaining the simple classification 1 = built-up and 0 = not built-up.

Open the tool $ Reclassification (page 85). In Select the classification select the raster IMD_2012.

Click the button + twice to add two rows to the table. We need to enter the expressions illustrated
in the following table.

Reclassification table

Old value New value
raster < 30 0
raster >= 30 | 1
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#F Band set
E Basic tools
“ Download produ...
[- Preprocessing

£ Band processing
& Band calc

% Batch
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. EE User manual

|£§3 Online help

Support the SCP

m Classification repori . Cross classification

Semi-Automatic Classification Plugin

* Class signature

H Classification to vector

Input
Cutput
|class PixelSum Percentage % Area [metre®2]
0.0 2509100 B6.47941809839718 1003640000.0
51.0 510 0.01757781803442771 204000.0
|2.0 6le 0.021231246880798957 246400.0
1 3.0 664 0.02288562975462745 265600.0
4.0 850 0.02929636339071285 340000.0
:5.0 831 0.028641503503155735 332400.0
|6.0 909 0.03132987567312703 363600.0
|7.0 997 0.0343629109418126 398800.0
/8.0 1104 0.03805080609805527 441600.0
19.0 11594 0.04115277398648369 477600.0
|10.0 1283 0.044220275565040684 513200.0
|11.0 1365 0.04704651297449769 546000.0
112.0 1435 0.04945915466549757 574000.0
13.0 1596 0.055008230554797304 638400.0
14.0 1726 0.0594888508380827594 690400.0
15.0 1752 0.060384974894739894 700800.0
16.0 1860 0.06410733636085399 744000.0
17.0 2065 0.0711729298844965 826000.0
18.0 2012 0.06934621546131088 804800.0
19.0 2138 0.073688%7050511065 855200.0
20.0 2268 0.07816959078839616 907200.0
21.0 2411 0.0830982731000102 964400.0
22.0 2353 0.08109922712746745 941200.0

Fig. 15: The classification report
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Uncheck the options E-J Use code from Signature list and click RUN 3 to start the reclassification.
A new raster will be created (e.g. BU_2012).

@ Semi-Automatic Classification Plugin

'lg Band set

(Classification report | ! Cross classification & Class signature

f~ Basic tools

Reclassification

‘ Download produ... .

J . .
H Classification to vector $ Reclz

; Select the classification |IMD_2012
_[- Preprocessing

> Band processing

| | v calculate C ID to MC ID values
-+ Postprocessing )

Values

ﬁ el Old value New value
Band calc

| | 1 raster<30 0

| % Batch | |2|raster==30 |1

 settings

[/ About

. EE User manual

@ Online help

Symbology

Use code from Signature list | MC_ID

Support the SCP

Run

Fig. 16: Reclassification tool

Now select the IMD_2015 (the reclassification table is the same as before) and click RUN s to
reclassify the 2015 raster (e.g. BU_2015). Now the two reclassified rasters are loaded in the map and we
can assing an appropriate symbology.

Remove isolated pixels

We are going to compute the land cover change, but first we may want to remove isolated pixels in
order to improve the analysis. In fact, single pixels may not represent real changes between the two
classifications, because of geometrical shifts or isolated classification errors. Of course, this step is not
always required, and it should be avoided if the purpose of the analysis is to find also the smallest
changes.

We are going to use classification sieve for removing single pixels. Open the tool ﬁ Classification sieve
(page 88).

In Size threshold leave 2; all patches smaller the the selected number of pixels (i.e. single pixels) will be
replaced by the value of the largest neighbour patch. Of course we could increase this value if we want
to remove larger patches.

In Select the classification select the raster BU_2012. The option 4 in Pizel connection determines how
pixels are considered connected, that is in a 3x3 window diagonal pixels are not considered connected.
If we select the option 8 also diagonal pixels are considered connected.
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Now click RUN s to create the new raster BU_2012_sieve.

Of course, we should repeat these steps also for raster BU_2015 to create the new raster BU_2015_sieve.

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

[ BERERY hich i »c6 & @ @ o i - g~ LT~
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e to locate (Ctrl+K) 1 legend entries remover Coordinate 4421108,2301406 ' Scale|1:24263 - . Magnifier | 100% % | Rotation |0.0° ~| v Re

I

Fig. 19: The rasters after removing isolated pizels

Assess land cover change

Now we can use the tool to assess land cover change between the two classifications 2012 and 2015. Open

the tool 2 Land cover change (page 80).

This tool is quite straightforward. Click the button 0 to refresh the layer list. In Select the reference
classification select the BU_2012_sieve raster, that is the first classification. In Select the new classifi-
cation select the BU_2015_sieve raster, that is the latest classification.

Uncheck the option . Report unchanged pizels, because we want to report only the pixels where the

classification changed between 2012 and 2015. Now click RUN 3 to create the new land cover change
raster (e.g. change). Also, a text file is created (i.e. a file .csv separated by tab) containing the land cover
change statistics.

The values of the land cover change raster represent a combination between reference and new classifi-
cation, as described in the text file. In this case, only the value 1 is present that is the condition where
BU_2012_sieve = 0 and BU_2015_sieve = 1.

From the report we ca read that 520 pixels changed from 0 to 1, while no pixel changed from 1 to 0
between years 2012 and 2015.
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Fig. 20: Land cover change tool
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Fig. 21: Land cover change raster
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Fig. 22: Land cover change report

Analyze the context of land cover changes

Now, it could be interesting to compare land cover change to other data such as land use, in order to
analyze the context of new built-up areas. We are going to cross the land cover changes to the vector of
Corine Land Cover; this way we can differentiate the new built-up areas according to Corine Land Cover
classification system.

The original Corine Land Cover data were modified by clipping to a small area over Florence (Italy) and
adding a field Class_1 filled with the first level of classification.

Load in QGIS the Copernicus Corine Land Cover shapefile CLC_2012. shp previously downloaded. You
can see the symbology of the first level Corine Land Cover classes that are:

1. artificial surfaces
2. agricultural areas

3. forests and semi-natural areas
4. wetlands
5

. water bodies

Open the tool E Crross classification (page 82). Click the button 0 to refresh the layer list. In Select

the classification select the change raster, that is our land cover change. Check l\:ﬂ Use NoData value
and set the value 0, in order to exclude unchanged pixels (having value 0 in the change raster) from the
analysis.

In Select the reference vector or raster select the vector CLC_2012 and in Vector field select the field
Class_1, containing the code of first level classes.
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Fig. 24: Cross classification tool
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Now click RUN 3 to create a new raster of comparison (e.g. change_CLC). The output will report
the area of each combination between change code and CLC_2012 code.

From the cross matrix we can evaluate the area in m? of built-up changes occurrend in the 5 classes of
Corine Land Cover classification.

Cross matriz

CLC_ 2012
1 2 3 45
Change | 1 | 157600 | 48400 | 2000 | 0 | 0

The tool Cross classification (page 82) can be very useful also for other analyses that involve the compari-
son with other data, such as population or flood risk, but this could be the subject of other tutorials.

Assess the spectral signature of changes

An optional step could be the assessment of the spectral signature of changes. We can download satellite
images (see Tutorial 1: Your First Land Cover Classification (page 147) for the details) and calculate
spectral signatures for monitoring the changes through time.

We are going to use the Landsat 8 image downloaded at the beginning of this tutorial for calculating the
spectral signature of changes. First, we need to create a Training input to store the spectral signatures
calculated from the classes. In the ITanean SCP (page 25) select the tab Brodosi nasuanvii dani (page 26)

and click the button I:i to create the Training input (define a name such as signatures.scp). The
path of the file is displayed and a vector is added to QGIS layers with the same name as the Training
input (in order to prevent data loss, you should not edit this layer using QGIS functions).

[
Now open the tool E Class signature (page 83) opening the Menro SCP (page 23) and the submenu
nm

K postprocessing . In Select the classification select the raster chan e_CLC, thus we can distinguish
p g g
the spectral signatures of changes. In Select input band set enter the number of the band set containing

the Landsat 8 bands (i.e. 2). Now click RUN s to start the calculation.

After a while the spectral signatures are loaded in the Training input.

If the changes involved vegetation, we could calculate spectral signatures for images acquired in different
seasons and assess the phenological variations of vegetation through spectral signatures. Also, these
spectral signatures could be used as training input for further land cover classifications.

In order to display the signature plot, in the ITepenix cuznamyp ROI (page 29) highlight two or more

spectral signatures (with click in the table), then click the button % The I'pagix cnexmpanrvruz
cuznamyp (page 102) is displayed in a new window.

Export the changes to vector format

This is an optional step that may be useful for further analyses and integration with other data. We are
going to convert the change raster to vector.

E H|
Open the tool li Classification to vector (page 84). In Select the classification select the change_CLC

raster and uncheck the 2 Use code from Signature list. Now click RUN s to create a new vector
(e.g. change_vector).
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Fig. 25: The tool for extracting spectral signatures from classes
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Fig. 26: The calculated spectral signatures
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In the attribute table of this change_vector you can see the field C_ID that represents the code of
the change raster as described in Assess land cover change (page 219). Of course we could delete the
polygons with code 0 (unchanged area), displaying only changes with code 1.
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Semi-Automatic OC

o omoBIEHHS.

The Semi-Automatic OS is a lightweight virtual machine for the land cover classification of remote sensing
images. It includes the Semi-Automatic Classification Plugin (SCP) for QGIS, already configured along
with all the required dependencies.

2EeQ oa en

Fig. 1: po6ouuti cmia Semi-Automatic OC

The Semi-Automatic OS is based on Debian , and it is designed to require very little hardware resources.
It uses LXQT as main desktop environment. This virtual machine can be useful for testing the Semi-
Automatic Classification Plugin, or when the installation of the required programs in the host system is
problematic.

The Semi-Automatic OS is available as 64 bit virtual machine that can be run in the open source
VirtualBox, or any other virtualization program. The following is a guide for the installation of the
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Semi-Automatic OS in the open source program of virtualization VirtualBox.

7.1 BctaHoBneHHs y VirtualBox

1. 3aBaHTaxkTe IporamHe 3abe3levueHHs! 3 BiAKpUTUM BuximauM kojgoMm VirtualBox (Bubepits Bep-
cito Bignosizno no Bamoi OC) Ta BCTaHOBITH HOro; 110 3aBEPIIEHHI BCTAHOBJICHHS IEPE3AILYCTITH

CUCTEMY;
2. Download the Semi-Automatic OS virtual machine from here ;

3. Extract the virtual machine content in a directory; the file is compressed in 7z format (if needed,
download the open source extraction software from http://www.7-zip.org/);

4. Bamnycrite VirtualBox Ta crBoputh HOBY BipTyasbHy Maruay Debian;

1. Harucuits kaonky New;

2. Hanpyxyiite im’st BipTyasprol Mamusan (Hanpukiaa, Semi-Automatic OS); suGepits Linux Ta
Debian (32 a6o 64 6it) six Type Ta Version Bigunosizno; HaTucHiTh Next;

File Machine Help

L e A T v Create Virtual Machine

2l Snapshots

Name and operating system
al machines on your
Please choose a descriptive name for the new virtual i tﬁ': L ay wrtna!. =
machine and select the type of operating system you . Q‘g
intend to install on it. The name you choose will be s the B0 \
used throughout VirtualBox to identify this machine. etop Cad
Name: | Semi-Automatic 0S| *gf,
2 : - <
Type: | Linux i @ tion \':‘_ /
Version: | Debian (32 bit) -
Hide Description | Next > | Cancel

3. BcranoBiTh 00’eM mam’sTi; yuM Oibie - TUM Kpaille, aJje Ieil mapaMerp He IOBUHEH IIePEeBU-
nryBaru nosioudy RAM rosioBHOI KoMIi'torepHoi cucremu (Hanpukial, akmo RAM rososrol
cucremu cranoButh 1 I'6, magpykyiire 512 M6); narucuits Next;
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TE Oracle VM VirtualBox Manager :rﬁﬂ_

File Machine Help
3 ’. & > /
i:} Ll e o 2l Snapshots
Ll s S T v Create Virtual Machine
Memory size
al machines on your
Select the amount of memory (RAM) in megabytes to Uien £ aiaing sy v'm"a'_ -
be allocated to the virtual machine. 3 ] o,
The recommended memeory size is 512 MB. = 5—‘ e l
¥ - i e top P
SN | s12 me g ;
: - : i
4amB 8192 MB or ey |
tion ;{‘\ /
1
<Back | Next> | Cancel
I3 v

4. B napamerpax Hard drive Bubepits Use an existing virtual hard drive file Ta Bkaxirs 3aBan-
Taxkenuii daitn SemiAutomaticOS.vindk; kimanmite Create;

File Machine Help
@ @
L £ 4 S
s B TR SR Create Virtual Machine

Hard drive

) Snapshots

al machines on your

: ;
If you wish you can add a virtual hard drive to the new ["2Vent created any virtual
machine. You can either create a new hard drive file or 3 i . =
select one from the list or from another location using s the 5"“ 4 \

the folder icon. e top > g
If you need a more complex storage set-up you can ¢ 7
skip this step and make the changes to the machine or g | ’
settings once the machine is created. tion X \/

The recommended size of the hard drive is 10,00 GB.
Do not add a virtual hard drive

Create a virtual hard drive now

' {lUse an existing virtual hard drive file

Semi-Automatic GS.vmdk (Normal, 10,00 ¢~ | &

< Back ' Create | Cancel

5. Bamycrith Semi-Automatic OC kuannyBIu KHOIKY Start;

6. PexoMeH/I0BaHO BCTAHOBUTH y BipTyasbHiit marmmai virtualbox-guest-utils 3 Menu > Preferences
> Synaptic Package Manager; 1me mnokpammurh inrerpariio Semi-Automatic OC 3 rosioBHOIO
KOMII' TOTEPHOIO CHCTEMOIO 38 TAKMMU TapaMeTpaMu dK 3MiHa PO3MIipy CHCTEMHOTrO BikHa abo CyMi-

CHE BUKOPHUCTaHHA KaTaJIoOTiB.

The Semi-Automatic OS includes a sample dataset of a Landsat image (available from the U.S. Geological
Survey) that is the input for the first basic tutorial of the user manual.
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Semi-Automatic OC - BimbHe mporpamMeEe 3afe3NedeHHS: BH MOXeTe IomuphBaTu Ta/abo
aMiHoBaTH I1 Ha yMoBax Bepcii 3 VHiBepcampHOI rpoManckkoi mimersii GNU, omy6mixosanoI
®oHZOM BiNBHOTO IporpaMHOro 3abesmederHHs. HamisaBTomMaTmuHa 0C mommpoeThbCca 3 Hamie€b,

mo BoHa byme kopumcHob, amne BE3 XOIHWX TAPAHTIﬁ; HaBiTb 6e3 06B'A3KOBOI rapaHTil
TMIPYIATHOCTI [Jif TPOZJAXY a6o BIZANOBIJHOCTI IEBHI{ BU3HAYEHIN METI. [ns 6imbm moxmamHOI
inpopmanii mmBiThCca YHiBepcambHy rpoMazcbky ninensino GNU http://www.gnu.org/licenses/.
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Po3zain 8

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 232)

— Ax scmanosumu modyav epyuny? (page 232)

— Ak scmanosumu modyab 3 ofiyiinoeo penosumopis SCP? (page 233)
e [lepedobpobaennsa (page 234)

— Axi xanaaiu 306padcerHs NOMPIOHO BUKOPUCMOBYEAMU ONA HANIBABTMOMATMUNHOL KAACUDT-
rayii? (page 234)

— Sxi xanaau Landsat moorcymo 6ymu nepepaxosani SCP y sid6usanvricms? (page 234)

— Yu moorcy a 3acmocysamu nepeparynor do 3obpascens Sentinel-2, 3asanmasicenux 3 In-
meprem? (page 235)

— Ax nepeparosyromuvesa 30bpasicenns Sentinel-2, axi maromov pidHY DPO3PISHEHHICTNG ¢
(page 235)

— Yu moorcy s 3acmocysamu nepeparyrox danuxr Landsat ma xopexyito DOS do obpizanux
xananie? (page 235)

— Yu wmoorcy s sacmocosysamu kopekyito DOS do kananie 3 wopnoro mescero (mobmo 3i
anavernnamu NoData)? (page 235)

— Sk npubpamu 3 306pasicents xmaprud nokpus? (page 235)

— Yomy nicas nanrpomamustozo 0b’cdnarns (nan-wapnenuney) sobpasicens Landsal 8 wa-
naau NIR ece 00no maroms pospisnennicms 30 m? (page 235)

e Obpobaennsa (page 236)

— 4 ompumyio nomuaxu kaacudirauit. Hx s moorcy nokpawgumu mownicms? (page 236)

— Qu MOKHCAUBO BUKOPUCTOBYEATNU O0HT § Mi CAMi HA64ANLHT 6200061 dani 0nA 0EKiAbKOT
300pasicens? (page 236)
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— Sxa pisnuysa mivic kaacamu ma makxporaacamu? (page 236)

— Yu mootcy s surkopucmosysamu SCP das 06pobku 300pastcend, ompumaHur dpoHamu, abo
aepogomosnimric? (page 236)

— Yomy npu 6usHauenHi MEMNEPAMYPU NOGEPTHI GUKOPUCTROSYEMYBCA Auwe Kanan 10
Landsal 87 (page 236)

e Bacmepeorcenna (page 237)

— Bacmepeoicernna [12]: Jdana cueznamypa 6yde 6ura0wena npu GUKOPUCTIANHI AA20DUMMY
Maxcumanvnoi eipozionocmi. Yomy? (page 237)

o [Tomunru (page 237)
— Ax a moorcy nosidomumu npo nomuary? (page 237)
— IIpobaemu 3i cmeopennam sipmyanvrozo pacmpa. domy? (page 238)

— Iomuaxa ,Modyav nowrodoiceno. Python nosidomus: ascii. Yomy? (page 238)

Homuanxa [50] ,,IHomunxa Internet®. Hemoorcauso sasarmancumu 306pasicenms Sentinel-2.
Yomy? (page 238)

— Iomuaka 6cmanosaeris Mooys, Modxcauso eidcymmi saseoicnocmi. omy? (page 239)
e Pisne (page 239)

— II[o 2 moorcy pobumu 3 SCP? (page 239)

— Sk doayuumucs ma cnpusmu SCP (page 240)

— Beskowmoshi ma kopuchi pecypcu npo ducmanyiine 3ondysarns ma I'IC (page 240)

Other tutorials about SCP, also in languages other than English (page 240)

— K 2 moorcy nepexaacmu ued nocibnuk na iy mosy? (page 241)

e snazodumuvcea suxionud xod SCP? (page 242)
— How to install QGIS using OSGeo,W? (page 242)

8.1 BcTaHoBneHHs1 moayns

8.1.1 9k BcTaHOBUTU MOAY/b BpyYHY?
SCP moxke GyTu BcTaHOBJIeHUH Bpy4Hy (1€ MOXKe OyTH KOPUCHO, KoJu BijacyTHe lurepner-3’equanns abo
HeoOXi/IHe BCTAHOBJIEHHs HA 6araThoX KOMII'IOT€pPaX) HACTYIIHUM YHHOM:

1. 3aBanTaxkTe zip-apxiB SCP 3 https://github.com /semiautomaticgit /
SemiAutomaticClassificationPlugin /archive /master.zip ;

2. posnakyiite BMicT apxiBy (nekinbka daiinis Takux sk COPYING.txt Ta KaTajoris Takux sk ui) y
HOBHI1 KaTajor 3 Ha3Bolo SemiAutomaticClassificationPlugin (6e3 -master);

3. open the QGIS plugins directory (in Windows usually C: \Users\username\AppData\Roaming\QGIS\QGIS3\profi.
in Linux and Mac usually /home/username/.local/share/QGIS/QGIS3/profiles/default/
python/plugins) and delete the folder SemiAutomaticClassificationPlugin if present;

4. ckorioifte Katasjor SemiAutomaticClassificationPlugin si0 karasory mopynis QGIS;

5. Momysb BcraHoBieHo; 3amycTith QGIS, Bimkpmitte Plugin Manager ta mnepekonaiitech, 1o
Semi-Automatic Classification Plugin yBiMKHeHO.
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8.1.2 4k BcTtaHoBuTM Moaynb 3 odiuiiHoro penosutopis SCP?

SCP MOXKJIMBO BCTAHOBUTH , BUKOPUCTOBYHOUM odiriitauii pemosuropiit. Ileit perosuropiit 3abe3mneqaye
BCTaHOBJIeHHsT camol ocranubol Bepcii SCP (master), mozgekyau 1ie /10 TOro, siKk BOHA 3'SBUTbCS B PEIIO-
autopii QGIS. Ile Moxke 3HAIOOUTUCH, KOJIX BU MOTPEOYETE BUIPABIEHHST TOMUJIKU ab0 HOBOI (DyHKIIIT,
sIKa, I1e HeJIOCTYIIHA ¥ Bepcil, HagBHiit B odiriitnomy perozutopil QGIS. Kpim Toro, Bepcist master 3 pe-
nosuTopito SCP moke OyTu BCTaHOBJIEHA, OJHOYACHO 3 BEPCIEI0, JOCTYITHOI 3 OMIIIAHOTO Pero3uTopio

QGIS.

st Toro, o6 BCTAHOBUTH MOy 3 pernosutopito SCP, BukoHaiiTe HACTYIIHI KPOKU:
e Run QGIS;
e 3 rosioBHOro MeHio Bubepith Plugins’ > Manage and Install Plugins;

Project Edit View Layer Settings Plugins Vector Raster Help

v = _f £ %Mana e and Install Plugins... = =,
N BB DR[O e O R R=e @ - -

4 S EE-0
—— | @ python Console

o KiramuiTs Settings Ta HaTucHiTh KHOUKY Add;

Plugins | Settings Voo

B a1

BB installed

__ Check for updates on startup

B Not installed

% Upgradeable
v |/ Show also experimental plugins

B New
¥ Note: Experimental plugins are generally unsuitable for production use. These plugins are in early stages of
TR development, and should be considered ‘incomplete or proof of concept' tools. QGIS does not recommend instaling
9 these plugins unless you intend to use them for testing purposes.

w | showalso deprecated plugins

Plugin repositories

Status Name URL
@ connected QGIS Official Plugin Repository http://plugins.qgis.org/plugins/plugins xmizqgis=2.8

Reload repository | [ Add... J{.Edt...J.0 J

& Help © close

o B Repository details BBeiTh:

Hazssa:

’SCP

URL:

’ https://semiautomaticgit.github.io/SemiAutomaticClassificationPlugin/repository.xml

Ta KJIAIHITH 0K;

& Repository details & i
Name SCP
LRL | https:/fsemiautomaticgit. github.io/SemiAutomaticClassificationPlugin/repositoryxm| |
Parameters [qai : i
Enabled |

| o 0K || @ Cancel |

o Ilicsist onoBsIeHHS perro3uTopiio eeMeHT Semi-Automatic Classification Plugin - master mo-
BUHEH OYTHU y TEPEJIiKY 3 iHITUMU MOy ISIMU;
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Plugins | All (530)

™ @ e
ﬁ All Search
Installed W SaTsSvViz - . . rr . .
g nstalie i SaTovi 2 Semi-Automatic Classification Plugin - master

2 Mot ins! 2% Scipy Point Clustering
i Plugin that allows for the supervised classification of remote sensing images, providing

% Up L Apte tools for the download, the ing and post ing of images

i Upg 2% ScriptRunner LA il e it
@ Search & format EPSG CRS Plugin Developad by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the supervised
2 Select Within classification of remote sensing images, ing tools for the the p g and postp g of
& Selection Sete images, Search and download is available for Landsat and Sentinel-2 i images Several algonlhm: are available for
= the land cover classification. This plugin lequlrea the installation of GDAL, OGR, Numpy, SciPy, and Matpletie. For
& SelectTools mare information please visit hitp:/ i Land Cover Supervised classification 1188
2 selenext BEAE DL L BRSNS RONEE sl Y ,.lM\ wisiw; Classificagio da Coberiura do Solo

v Q Semi-Automatic t’.lassrﬁc tion Pl Clasificacién de la Cobertura de la Tierra Classifi de la Couverture du Sol ®
" sennenansiosaqua Klassifizi g der Landbedeckung Classifi della Copertura del Suolo.

2 Send2GE

00 rating vate(s), 00 downloads

2 SENSUM Earth Observation Tools |

24 SG Diagram Downloader Tags: raster,landsat,spectral si ication,land cover,accuracy,supervised ificationclip,remote
¥ Shapefile Encoding Fixer | sensing,sentinel,mask,analysis landscape

58 shelDB More info iracker code repository

2 Shortcut Manager
2% shp2D3
¥ shptoobs ||| Available version: 5.0.6 (in SCP)
24 SimpleReports =1
o SimpleSvg
o SimpliPy
o sipamsar
SLD4raster
r Slicer

Author: Luca Congeda

¥¥

L
o sm ~

8 smart aditing tools |~ | Upgrade all | Install plugin
|_I8 Help | L_© Close |

e 3 menio All BuOepiTh Semi-Automatic Classification Plugin - master Ta HATHCHITH KHO-
nky Install plugin; Haiibinbimn ocranus Bepcisgs SCP moBunHa OyTH aBTOMATHYHO aKTHBOBAHA
(irHOpYyiiTe MOMMJIKH, JJIst 3aBeplieHHs BeraHoBieHHss SCP Moxe 3Hamo6uTHch nepesamyck QGIS);
MOokmBO BuMKHYTH iHmuit SCP, Bcranosienuit 3 pemosuropio QGIS;

7 Plugins | nstalled (24)

Search

& Coordinate Capture - : e : . A
v os vanaser 2 Semi-Automatic Classification Plugin - master @n
Di2shp Converter
| ovis 2 £ Plugin that allows for the remote sensing s idin
. b flools tools , the images.
GdalTools Daveiopad by Lusa Congede,
r coaL
s ofmages J
S @ ot " ocr Ny, Sy, ard
(i GPS Tools Matplotlib. Keywarq

Heatmap. classiicaton ol
1] plugin

/I Metasearch Catalogue Client
W OffineEdting

Suslo

& oract spatial GeoRaster e e
v @ processing
< @ quicmapservices Comry P

Raster Terrain Analysis plugin Tage: Faskr, lassifc Jysi, Landsat, Sentnel,
e o Spv\»gllmMKC\DAccvmyLd e
More ino: homepage tracker code eposiiony

Rosd oraph plugin
B semisutomaic ascation

ror L "
\? i e P
masen)
S Available version: 5.0.6 (in SCP)
Topology Checker
¥, Zonal statistics plugin ‘changelog:
s08 ~
Minor update v
|_upgrade ail | Uninstall pugin | |__einstal pugin
[ Help O close

8.2 lNepepobpobneHHs

8.2.1 4ki kaHanu 300pa>keHHsA NOTPIOHO BUKOPUCTOBYBATU AN HanNiBaBTOMaTU-
4YHOI kKnacudpikauii?

3arajiom, 6aykaHO YHUKATH TEPMAJbHUX iH(MPaYepBOHUX KaHAIIB. Ko Bu BUKOpHCcTOBYeTe Landsat
4, 5 abo 7, To Bam ciin obuparm Kamasau : 1, 2, 3, 4, 5, 7, yHuUKaO4un KaHAIy 6, AKWl € TepPMAIbHIM
indpadepsonnM; st Landsat 8 Bu moBuwHHI obupatu Kamaau: 2, 3, 4, 5, 6, 7. Kanamy 1 Landsat 8
3a3BUYail YHUKAKOTH, TOMY IO BiH JIyKe HOJIOHUIT JI0 CHHBOIO KaHAJIy 1 IepeBakHO BUKOPUCTOBYETHCSI
JIJIsi BUBYEHHS aepO30JIiB 30HU y30epexkKs. Tepmasibauil indpadepBonnii kKanay Landsat BUKIFO9a€ThCst
3 KjaacudiKaril, TOMy 0 HOTro 3HAYEeHHs IEPEBaXKHO IOB’s3aHi 3 TeMIeparypoio 06’eKTiB.

st 306paxkens Sentinel-2 Mmoxknua BukopucToByBaTn Kanaym: 2, 3, 4, 5, 6, 7, 8, 8A, 11, 12.

8.2.2 4ki kaHanu Landsat MmoxyTb byTu nepepaxosaHi SCP y BiabuBanbHicTb?

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
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reflectance automatically by the SCP; products generated by the LPGS have a MTL file included that
is required for the conversion.

8.2.3 Yu moxy s 3acTocyBaTu nepepaxyHoK A0 300pakeHb Sentinel-2, 3aBaHTa-
»eHux 3 IlHtepHet?

Tak, BU MOXKETE TaKOXK IepepaxyBaTH 300parKeHHs, 3aBAHTAXKEHI 3 Mepexki (Take mepepaxyBaHHs pe-
KoMeHjioBane). Bu nosunmni nepemicrutu Bei kanasu (daitiu jp2) Ta, 3a HagsHOCTi, daitn .xml Ha3Ba
saKoro MictuTh MDT_SAFL1C 10 eamnoro Kartasory. Ilorim Bubepith 1eit kaTtaJsor 3 Sentinel-2 conversion
(page 61). 306parkeHHs Gy yTh IIepepaxoBaHi y BiIOHMBAIBHICTD.

8.2.4 4k nepepaxoBytoTbcsi 300pakeHHs1 Sentinel-2, siki MatloTb pi3HY po3pi3HeH-
HICTb?

Ilig gac mepepaxyHKy y BiIOMBaJIBHICTB, IIKCeJl KaHAJIB 3 po3pisHenHicTio 20 M po3buBatoThes Ha 4
miKkceJti po3pizuHenHicTio 10 M, SKi MalOTh Ti 2K caMi 3HAYEHHS, IO 1 OPUTIHAIBHIHN MIKCETb PO3PI3HEHHICTIO
20 M. Mera Takoro meperBOpeHHs Iie ITePEPAXyHOK JJIs BCIX KaHAJIB 0e3 3MiHU OPUTIHAJIBHUX 3HAYEHbD.

8.2.5 Yu moxy s 3acTocyBaTu nepepaxyHok aaHux Landsat ta kopekuito DOS
[0 00pi3aHux kaHanis?

Tak, B MokeTe MPOBECTHU BiITUHAHHS 3HIMKIB JI0 TOTO, K IePepaxoByBaTH y BiIOMBAJBHICTH, & IO-
tim ckomiroBatu daiin MTL (skuit MictuThest B opurinagsHOMy Habopi nanux Landsat) g0 karanory 3
obpizannmu kanajamu. Ko Bu 6axkaere 3acrocyBaru Kopekiio DOS (gka € BiIHOCHOIO TEXHIKOIO, 10
IPYHTYETHCs HA 3HIMKY), TO HOTPIGHO CHOYATKY lepepaxyBaTu OpuriHajibHi Jani Kaunasis Landsat (ngist
BCHOI'O 300pPaKEHHs ), & MiCJIsl [BOrO IPOBECTU BIATUHAHHSA BUXOJOBUX PE3YJIbTATIB IIE€pepaxyHKy (To6To
KaHAJIB, [IepepaxOBaHuX Y BiIOMBAJILHICTD).

8.2.6 Yu moxy s 3acTtocoByBaTu kopekuito DOS po kaHaniB 3 HOpHOIO Mexxero
(To6TO0 3i 3Ha4YeHHsimn NoData)?

Sxmo Bu Gazkaere 3acrocyBaT Kopekiiro DOS 10 Bcboro kanady, mo Micruth 3uadenns NoData (wop-
Ha MexKa 3 3HaueHHsMu = (), TO TOTPIOHO YBIMKHYTH IepeMuKad 3acTocyBaTu 3HadeHHa NoData Ta
npusnadntu 3HadeHHs 0. [le mosicaoerhest Tum, mo DOS € BigHOCHOIO TEXHIKOIO, IO I'PYHTYETbCS Ha
300pazkeni, i 3uadenus NoData moBuHHI OyTH BUKJIIOUEH]I 3 PO3PAXYHKY.

8.2.7 9k npubpaTtun 3 300pa>keHHs1 XxMapHUii Nokpus?

Kopeknis DOS1 we npubupae xmapnicts 3 300pakenus. Ojuak, 3uiMkn Landsat 8 BkIio9aoTh Kana
9, sikuit inenTudikye xmapu (aus. neii caiit NASA). Bu mMoxere 3acTocyBarn 1ieil KaHaJ JJisl CTBOPEHHS
MaCKH.

st immmx cynmyTtaukiB Landsat xmapu MoKyTh OyTH MacKOBaHi 3a JOMOMOTOIO ITiIXOJY, OIMCAHOTO B
it cTaTTi.

Also, see the following video-tutorial.

8.2.8 Yomy nicns naHxpomaTuyHoro ob’'egHaHHsA (NaH-wapneHnHry) 3obpaxeHb
Landsat 8 kananu NIR Bce ogHo mMatoTb po3pisHeHHicTb 30 m?

Landsat 8 panchromatic band doesn’t acquire in the Near Infrared (NIR) region (see Landsat Satellites
(page 119)). Therefore, the pan-sharpening process can’t improve the resolution of NIR and SWIR bands
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(see ITanxpomamuune o6 eonanns (page 136)), which appear to have 30m resolution. However, all pan-
sharpened rasters have 15m resolution to allow raster calculation.

8.3 OO6pobneHHs

8.3.1 4 otpumyto nomunkun knacudikauii. 1K 1 MOXKY NOKPaLLNTM TOYHICTL?

Hesiki Marepianu MaroTh mojibHI CleKTpasbHi curHaTypu (HAIPHUKIA, BIAKPUTHH IPYHT Ta 3a0y0Ba
abo Jiic Ta iHIi TUIM MiIBHOT HU3LKOPOCIOl POCMHHOCTI ), IKi MOXKYTh IPU3BOIUTU J0 IIOMUJIOK KJIACH-
dikarii, axmo ROI Ta ix cnekrpasbhi curaarypu orpuMani HEKOPeKTHO. [ljist oKpalentst pe3ysibTaTiB
B Moxkere crpobysaru 3ibparu Ginbinie ROI Ha Takux jiisgHkax, mob HABYATHA aJITOPUTM PO3Ii3HABA-
TH 1 Jy»Ke 1oji0Hi Kiaacu. TakoxK BimoOpazkaiiTe CIeKTpaJibHI CUIHATYPU TaKuX Tepuropiit Ha ['pagix
cnexmpanvruz cuznamyp (page 102), mob oninuTn ix noxibuicrs. Bu Mmoxkere Bukopucraru Signature
threshold (page 50) mjist qux curHaTyp, 006 3MEHIIUTH IX MiHJIUBICTD (JMIIe mKeel dy2Ke momibHi 10 BXO-
JIOBUX CUTHATYD OyuyTh Kiacudikosani). Kaacugpirayis cuznamyp semmnozo nokpusy (page 130) rakox
KOPUCHUM ST Kacudikariil Jesknx MaTepiasiB, dKi CIeKTpaabHO MOIIOHI 10 iHIHX.

8.3.2 Yun mMOXXNMBO BUKOPUCTOBYBATU OAHI | Ti CaMi HaBYasibHi BXO40BI AaHi A4na
AeKiNIbKox 300pa>keHb?

Tax, 1e MOXKJINBO, SIKIIO BCi 300parkeHHsI MatOTh OJHAKOBY KLJIbKICTh KaHa iB. OHaK, AKIIO 300parKeHHsI
oTpuMaHi y pisHi Micsri, 3MiHU 3eMesIbHOTO TTOKPUBY (0COGJIMBO, CTAH POCJIMHHOCTI) BIUIMBATUMYTDH Ha
CIeKTpaJIbHI curuarypu (To6To ojuH 1 Toil camuil miKceb MaTUMe Pi3Hi CleKTpaJbHI CUrHATYPH y pi3Hi
nepionn). Armocdephi edekTr TAKOXK MOXKYTD [0 PI3HOMY BILIMBATH Ha 300pakents . Ile Moxke 3HU3UTH
tounicTh Kitacudikarii. Tomy moriibHo 3aBxku 36uparn ROI Ta cniekTpa/ibHi CUHTHATYPU JjIsT KOXKHOTO
300parKeHHs.

8.3.3 4ka pizHuua MiXX Knacamu Ta Makpoknacamu?

Jusitbes 6yan aacka Kaacu ma maxporaacy (page 125).

8.3.4 Yu moxy s sukopuctosysatn SCP gns obpobku 300parkeHb, oTpuMaHux
ApoHamun, abo aepooTo3HIMKIB?

Taxk, Bu MOXKeTe MIPAIIOBATH 3 HUMHU, SKIO BOHU MAIOTh HE MeHIne 4 KaHamiB. KMo KiTbKiCTh KaHAJIB
MEHIIIa, TO HAIIIBABTOMATHUYHI aJTOPUTMU He 37aTHI BipHO KiracudiKyBaTh 3eMeIbHNN MTOKPUB. ICHYIOTH
TaKOXK aJbTEPHATUBHI METOMM KJacudikariil, Taki HAIIPUKJIA K 00 €KTHO-Opi€eHTOBaHA Kjacudikalris,
ue peasizoBana y SCP.

8.3.5 Homy npu Bu3HaueHHi TemnepaTypun NOBEpxXHi BUKOPUCTOBYETLCS JINLLIE Ka-
Han 10 Landsat 8?7

Bymo pospobiieHo jfekiiibKa METOIIB i OIiHIOBAHHsS TEMIEPATypu 3eMHOI moBepxHi. Meron oriHio-
BAaHHsI TEMIIEPATYPH, OIMUCAHUI B HABYAJBHOMY IPAKTHKYyMi, MOTpedye Jinie OMHOro KaHary. bBimbire
toro, USGS pekoMeH/[ye KOpHUCTyBadaM yTPUMYBATHCH Bij ypaxyBaHHs jgannx kKaxaiay 11 Landsat 8
IpH KiJIbKICHOMY aHaJIi3l JaHuX TeIIoBoro indpadepBOHOro ceHcopa (IuB. 3MIHU B JIAHUX TEILIOBOIO
indpauepsonoro cercopa (TIRS) sig USGS).
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8.4 3acTepe>keHHsi

8.4.1 3acrtepexeHHs [12]: Jana curHatypa Oyae BMKIOYEHA NPU BMKOPUCTaHHI
anroputmy MakcumanesHoi BiporigHocTti. Homy?

ROI sanaaro majeHbKa (abo 3aHAJITO OJHODPIAHA) JUIst anroputMmy Makcumanvhol 6ipozidnocmi

(page 127), Tomy mo ug ROI mae cunrysnsapry (BupomzKeHy) MaTpuiio Kopapiamil. Bu moBumHI cTBO-
purtu 6ineiry ROI abo He BUKOpHCTOBYBaTH ajroput™m MakcnMasibHOT BiporimHOCTI it Kaacudikariii.

8.5 NMomunkn

8.5.1 9k s moxXy nosigoMuTn Npo nomuaky?

ko Bu BusgBum mommwiiky Semi-Automatic Classification Plugin, 6yap tacka BukoHaiiTe i KpoKu, o6
3i6paru HeoOxinny indopmanio (daita KypHaiy):

1. sakpuiire QGIS, sikiio BoHa BiaKpuTa;

2. open QGIS, open the Plugin tab Debug (page 101) and check the checkbox L:r-‘l Records events in

a log file ;
Semi-Automatic Classification Plugin L_@ o B2
#¢ Band set Processing
= Basic tools Interface
& Download products Debug

[> Preprocessing

Log file

%> Band processing | Record events in a Log file

Postprocessing

Date Function

Band calc

% Batch

|§ About

[z User manual

{3} oOnline help

[
Test

Test dependencies @|

Support the SCP

Fig. 1: Hanrazodocenna

>

click the button Test dependencies in the tab Debug (page 101) ;

3aBanTaxkre gani 7o QGIS (abo Binkpuiite npoekt QGIS, o 6yB 30eperkenunii paHile) Ta MOBTOPIT

e gKIIO rpobsieMa iMOBIpHO IOB’sI3aHa 3 JAHUME 300pakeHHs, Oy/b JIaCKa BUKODHCTaiiTe
et recToBuit Habip JAHUX ;

SIKINO 3’ ABJISIETHCA TIOBIIOMJIEHHS 1IPO TOMUJIKY (K HA HACTYIHOMY DPHUCYHKY), CKOIIIOHTE BEChH
BMICT TOBIiJIOMJIEHHS /10 TEKCTOBOTO (bailiry;
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7oL Python error 2

L] e

Couldn't load plugin SemidutomaticClassificationPlugin due to an error when calling its A
classFactory() method

Traceback (most recent call last)

File "/usr/lib/python2.7/dist-packages/qgissutils.py", line 219, in startPlugit
plugins[packagename] = package.classFactory(iface)

File "/homesuser/.qgisz/python/plugins/sSemisutomaticClassificationPlugin/__ini
from semiautomaticclassificationplugin import SemisutomaticClassificationPlud

File "/usr/lib/python2.7/dist-packages/qgissutils.py", line 478, in _import
mod = _huiltin_import{name, globals, locals, fromlist, level) i

File "/homesuser/.qgisz/python/plugins/semisutomaticClassificationPlugin/semial =
from ui.spectralsignaturedialog import SpectralSignaturebialog

< ] )< >

| € Close |

¢

Fig. 2: IHosidomaerns npo nomMuiky

|
6. open the tab Debug (page 101) and uncheck the checkbox il Records events in a log file, then

click the button @ and save the log file (which is a text file containing information about the
Plugin processes);

7. Binkpuiite log-daiis Ta ckomiroiiTe BeCh Oro BMICT;

8. join the Facebook group , create a new post and copy the error message and the log file (or attach
them).

8.5.2 lpobnemun 3i cTtBOpeHHAM BipTyanbHOro pacrtpa. Homy?

ABTOMaTHYHE CTBOPEHHS BIPTYyaJIbHOIO pacTpa Iicjs nepepaxyHKy janux Landsat y BijOuBajbHICTD
JIJIsT TPOBe/ieHHsT Kytacudikarii He BUMAraeTbesi. [lOMUIKM MOXKYTh TPAIUIATACH SIKIO BUXIJTHWIA TIJISX
IpU3HAYEeHHs MICTUTH clieniasibai cuMBOJIH (Taki sK JiTepa 31 3HAKOM HAroJsiocy) abo npobiiu; cupobyiite
nepeiiMeHyBaTH KaTajoru (HalpuKJiaj, nepeiiMenyBaru 3 new directory y new_directory). SIkimo Bu
BCE OJJHO OTPUMYETe Ty 2K caMy IIOMHJIKY, TO MOXKeTe CTBODUTH BipTyasIbHUII pacTp BPYUHY.

8.5.3 Momunka ,Moaynb nowkopxeHo. Python nosigomus: ascii. Homy?

It could be related to a wrong installation. Please, uninstall QGIS and install it again with administrative
rights. Then run QGIS and try to install the plugin following the Bemarnosaenia modyasn (page 3) guide.

Takoxx 11e MoKe OyTH IMOB’sI3aHO 3 iMeHeM KOpPUCTyBada, 10 MICTUTH CIemiaabHi cuMmBou. Byab jgacka
cpobyiiTe HOBE BCTAHOBJIEHHS, CTBOPUBIIN HOBOTO KODHUCTYBada 3 iMeHeM 6e3 CIeliajgbHUX CHMBOJIIB
(Hampukiaz, user).

8.5.4 Momunka [50] ,Momunka Internet”. Hemoxnunso 3aBaHTaXknTm 306pakeHHs
Sentinel-2. HYomy?

The error message usually includes some information about the issue. First, check the user name and
password. If the account registration was recent, it could take a few days to complete the process for
allowing the download from SCP.
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Takoxk, MOXKyTh 6yTH ITepepuBaHHs B poboTi cepsicy. [ljst 300paxkenb Sentinel-2 Gyub Jiacka mepeBipTe
ieit BeG-caitT https://scihub.copernicus.eu/news,/ Ha mpeaMeT TMOBIOMIIEHD MO0 CTAHY CEPBICY.

SIKIIo B BCE OJTHO OTPUMYETE Ty K CaMy ITOMUJIKY, Oy/Ib JIaCKa BUKOHANWTE HACTYIIHI KPOKH STk A MODICY
nosidomumu npo nomuary? (page 237).

8.5.5 MNMomunka BCTaHOBAEHHS MOAY/IAA, MOXKJIMBO BifACYTHI 3asieXXHoCTi. Homy?

The plugin requires the installation of GDAL, NumPy, SciPy and Matplotlib, which should be installed
along with QGIS. If the plugin installation fails, and you get a message about possible missing dependenci-
es, you should try to install or update QGIS and the required dependencies. Notice that in order to avoid
this error, python dependencies should not be installed through Anaconda.

8.6 Pi3He

8.6.1 LLlo 51 moxy pobutu 3 SCP?

SCP no3Bosisie ipoBouTH Kiaacudikaliito 3eMeJIbHOT0 HOKPUBY 300paykeHb JIMCTAHIIHHOIO 30H/TY-
BaHHSI 38 JOMOMOTOI0 Konmpoavosana kaacudirauia (page 123). Bu MoxkeTe CTBOPUTH PACTD 36METBHOTO
NOKPHBY, BUKOPUCTABIIN OMuH 3 Anzopummu kaacugdirayii (page 126), mocrymaux y SCP. Ii anropu-
TMH OTPEOYIOTH CIeKTpaIbHuxX curaaryp abo ROI B skocTi BX0Z0BUX JaHuX (/11 BUSHAYEHD Oy Ib JacKa
nuB. Kopomxuid ecmyn do ducmanyitinozo zondysanns (page 115)), gkl BUBHAYAIOTH KJIACH 3€MEJIBHOIO
MIOKPUBY, IO OYAyTh 3imeHTH(IKOBaHI 3a 300pasKeHHIM.

Fig. 3: Bazamocnexmpanvre 306pasicerts 06pobaete i cmEOPeHHA KAGCUPIKAUIT 3eEMEABHO20 NOKDPUBY
(3mimMok Landsat mamamo USGS)

SCP wmoxe mparmioBarn 3 6araTocreKTpajibHUMUA 300pPa>KeHHSIMU, OTPUMAHUMHI CYIyTHUKAMH, Jii-
TakaMu abo jpoHamu. Takoxk SCP 3abe3nedye 6e3mocepeHiil HOIMIYK Ta 3aBaHTAXKEHHsT OE3KOIITOBHUX
306paxensb (nus. Download products (page 54)). 3 SCP Bu He MoxkKeTe BHKOPHCTOBYBATH OPTO(GOTO 3
MmeHI HiXK 4 kanajgamu, gaai SAR ta LIDAR.

BxonoBe 306pakenusi y SCP nasusaerbcst Band set (page 41), aKuil BUKOPUCTOBYETbCS K BXOZOBI
nmani s knacudikanii. SCP Hamae nexinbka iHCTpyMeHTIB muis Preprocessing (page 58) 3aBaHTaXKeHUX
300pakeHb, TAKUX SIK [T€PEPAXyHOK Y BiJIOMBaJIbHICTH Ta MAHITYJIFOBAHHS KaHAJIAMHU.

Pesynbratn kiacudikanil MoxKyTh OyTH OIiHeH] 3a JOHOMOro incrpymenTis Accuracy (page 79) Ta
Classification report (page 81). Takox pacTpaMu MOXKHA MAHIIYJIOBATH 3 BUKOPUCTAHHIM 1HCTDYMEHTIB
Postprocessing (page 79) rakux sk Classification to vector (page 84), Reclassification (page 85), Edit
raster (page 87) directly, Classification sieve (page 88), Classification erosion (page 90) ta Classification
dilation (page 90).
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Tpagpir cnexmparvnux cuenamyp (page 102) ta I'pagir poscisy (page 107) 3abesneqyiors aHasi3 coe-
KTpasbaux curHatryp ta ROI. Kpim Toro, aekinbka Basic tools (page 44) gocTynHi Jisi CIPOIIEHHST
crBopennst ROI Ta pefaryBanis CHEeKTPaIbHUX CUTHATYP.

IlepepaxyHok pacTpiB 3 BUKOPHCTaHHSIM MATEMATHIHUX BUPA3iB Ta POPMYJI CIEKTPAILHUX IHIEKCIB
JOCTYIHUA 3aBIgKU Ge3mnocepenniii inTerpanii incrpymenra Band cale (page 91) 3 kananamu Band set
(page 41). Takox BuximHuUit pacrp Moxke GyTu pospaxoBaHuii Ha migcrasi Decision rules (page 93).

Tucrpyment Batch (page 95) 3abe3nedye aBToMaTHuHe BUKOHAHHSI JIeKLIbKOX (yHKIiH SCP 3 BUKOpH-
CTAHHSIM CKPHUIITOBOTO iHTEpdEIicy.

See the Basosi nasuanvii mamepiasu (page 147) for more information and examples.

8.6.2 4k ponyuutuces Ta cnpusitu SCP

Bu moxkere 3poburn BHECOK 10 SCP 4epe3 BUIPABJICHHS Ta J0JaBaHHs (DyHKIIOHAIBHAX MOKJIUBOCTEN
(muB. [e srnazodumuvces euxionui xkod SCP? (page 242)) abo nepeksiaj nociGHuKa Kopucrysada (JIuB. Sk
A Mooty nepexaacmu yel nocibnuk na inwy moey? (page 241)).

Also, you can donate to this project at the following link https://fromgistors.blogspot.com/p/donations.
html .

8.6.3 Be3kolTOBHI Ta KOPUCHI pecypcu nNpo auctaHuiiHe 3oHayBaHHs Ta MNC

The following links are valuable resources:
e The Landsat 8 Data Users Handbook by USGS;
e The Landsat 7 Science Data Users Handbook by NASA;
e Webinar: Fundamentals of Remote Sensing by NASA.
e Webinar: NASA Remote Sensing for Land Management by NASA.

e Webinar: Creating and Using Normalized Difference Vegetation Index (NDVI) from Satellite
Imagery by NASA.

e Webinar: Remote Sensing of Forest Cover and Change Assessment for Carbon Monitoring by
NASA.

e Webinar: Introduction to Remote Sensing for Conservation Management by NASA.

8.6.4 Other tutorials about SCP, also in languages other than English
There are several tutorials about SCP on the internet. Following an incomplete list of these resources
(please note that these resources could use older versions of SCP):

e English: Webinar by NASA ARSET about Land Cover Classification with Satellite Imagery;

e English: Recommended Practice by UN-SPIDER about Burn Severity Mapping Burn Severity with
QGIS;

e English: Using the SCP QGIS plugin to download and process Sentinel 2 imagery;
e French: Télédétection des feux de foréts;

e Himenpka: 2015 Jakob Erfassung von Landnutzungsverinderungen mit FOSS Image Processing
Tools;

e Indonesian: Koreksi Radiometrik Menggunakan QGIS:Semi Automatic Classification;
e Italian: Classificazione e Mosaico di Varie Immagini Landsat;

e Kopeiicbka: QGIS Semi-Automatic Classification Plugin;
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e Portuguese: Workshop de Detecao Remota e Processamento Digital de Imagem com o QGIS e o
Semi-Automatic Classification Plugin;

e Portuguese: Classificacao supervisionada de imagens Sentinel-2 com QGIS e SCP;
e Portuguese: Avalia¢do do erro de uma imagem de satélite usando o QGIS e o SCP;
e Portuguese: Conversao Sentinel-2 para refletancia com QGIS SCP;

e Portuguese: Criar composigoes coloridas no QGIS com SCP;

e Portuguese: Corte de imagem Sentinel-2 usand QGIS e SCP;

e Portuguese: Detecao Remota Com O QGIS;

e Russian: OnbiT Kiaccudukanmm KOCMOCHUMKa, Sentinel- 2a ¢ momormpio Semi-Automatic Classifi-
cation Plugin B QGIS;

e Spanish: Descarga de imdgenes de satélite desde servidores puiblicos;
e IllBexnchka: Landsat 8 och fjarranalys med QGIS;
e Ukrainian: Ocuosu jemudpysBanss miarinom Semi-Automatic Classification 5.0;

e Ukrainian: Buxkopucranus ['ic Qgis g Orpumanus Ta O6podku Kocmiuaux 3uimkis €sren Ba-
CHUJICHKO;

8.6.5 9k 5 MOXXy nepeknacTu ueit NOCIOHWMK Ha iHWY MOBY?

Ileit mocibHUK KOpUCTyBada JErKO MepPeKJacTH Ha iHITy MOBY, TOMY IO BiH HAIIMCAHUI MOBOIO PO3MITKH
reStructuredText (3 BuxkopucranHsiM Sphinx). ToMy Balll BHECOK € IPHHIMIOBUM JIJIs TIEPEKJIALY MOCI-
OGHUKa BaIor MOBOK0. HacTymHa IHCTPYKILis 1JFOCTPYE OCHOBHI KPOKH 3 IE€DPEKJIAIY, SIKi MOXKYTh OyTH
3HiACHEeHi:

® 3 BUKOPHUCTaHHSIM OHuJIaiiH-cepsicy Transifex;
® 3 BUKOPHUCTaHHsIM gettext .po daiiis.

Before translating, please read this document from the QGIS translation guide, which helps you
understand the reStructured Text.

Meton 1. Ilepekyaa 3 BUKOPUCTAHHAM OE3KOIIITOBHOTO OHJIaliH-cepBicy Transifex
Ile MabyTh HalIpoCTiIMii CIIOCIO TIepeKJIaLy MOCIOHUKA KOPUCTYyBada, 3 BUKOPUCTAHHSIM OHJIAH-CEPBICY.
1. Ilpuemnaiitech 10 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 .

Mertox 2. Ilepeksnan 3 Bukopuctanusm gettext .po daiiais

st Toro, o6 BUKOPUCTOBYBATH Iieit MeTo, Bu nmoBuHHI OyTu 3uaitomi 3 GitHub. Ileit meTon mepeksaxy
JHo3BoJige 3aiiicaoBaTn mepekyaan PO daitnis okaabHO.

1. 3aBanraxkre dailyim mepekaary
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IlepeiiniTe J10 IIPOEKTY GitHub https://github.com /semiautomaticgit
SemiAutomaticClassificationManual _v4 /tree/master/locale ta 3aBantaxre .po daitan
BaIiol MOBH (BU MOXKETe JIOJATH CBOIO MOBY, sIKIIO i1 HEMa€ B IEPeIiKy) abo BH MOXKeTe
dopkuyTn penozuropiit. Koxuwmit .po dait e TekcToBuii daiis, mo BiamoBigae meBHOMY
po3iay mocibHMKa KOpHUCTYyBada.

2. Binpenaryiite daitiin epexiary

Tenep Bu Mmoxkere pemarysatu .po daiiiu. I1i daiim 3pydHo pegarysaru 3 BUKOPUCTAH-
HsIM HACTYIHUX Iporpam: Hanpukiam Poedit qiog Windows ta Mac OS X abo Gtranslator
st Linux a6o OmegaT (ma ocuosi Java) mius Windows, Linux ta Mac OS X. IIi pezxa-
KTOPH 3a0e311e9yI0Th TPOCTUI TepeKIa]l JJjis KOYKHOIO PeUeHHsI TOCIOHIKA KOPUCTYBAdA.

8.6.6 e 3naxoanTbcs BuxigHuin kog SCP?

Bu wmoxere 3smaiitm Buxigaumit kom SPC  3a  HacrtynHuM mocmiamHaM  https://github.com
semiautomaticgit /SemiAutomaticClassificationPlugin

8.6.7 How to install QGIS using OSGeo4W?

To install QGIS, first download the OSGeodW installer x86 or OSGeodW installer x64 according to your
operating system.

Then start the installer and select Advanced Install.
0SGeodW Net Release Setup Program e 1

This setup program is used For the initial installation of the OSGeodw
environment as well a5 all subsequent updates. Make sure ko remember where
viol saved ik,

The pages that Follow will guide you through the installation. Please noke that
D5Eecd consists of a large number of packages spanning a wide wariety of
purposes, We only install a base set of packages by defadlk, You can always run

this program at any kime in the future to add, remove, or upgrade packages as
MECessary,

" Express Desktop Instal
" Express Web-GIS Install

¥ advanced Instal

Check Install from Internet and click Next.
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Choose A Download Source

Choose whether to install or download Frorn the inkernet, o install from \:‘

files in a local directary.

& Install from Internet

¥downloaded Files will be kept For Fukure re- use‘]

" Download Without Instaling

™ Install From Local Directory

Select the installation directory and click Next.

Select Root Install Directory

Select the directary where vou wank to install ©5GeodW, Also choose a "\,:'L

Few inskallation parameters,

—Rook Direckary

L SGendw

Browse, ., |

—Inskall For
Y all Users (RECOMMEMNDED )

CSGeodtn will be available to all users
af the system,

£ Jusk Me
C3Geody will only be available ko the
current user. Only select this if yau
lack. &dmin. privileges or you have
specific needs,

Select the local package directory and click Next.

[~ Createicon on Desktop

v addicon bo Skart Menu
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:\usersiusery Temp ”
D5Ee0dyw |

Select Direct comnection (or select an internet connection option) and click Next.

Select the first download site and click Next.
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Choose A Download Site F o %
Choose a sike from this lisk, ar add wour own sikes to the list \&,@’

dvailable Download Sites:

Llzer LIRL: Add

In the package list select qgis-dev (in category Desktop) until QGIS3 is released.

Select Packages ¥t %
Select packages to install \K,..P’

Search Clear | & Keep - Ere-ﬁ CUEr & Exp Wi | Cakegory

Cateqory | = | | | Size | Package ;I
¥ skip nfa nfn 138k osg-bin: OpenSceneGraph (executables)
&¥ skip nan nfa 839k osgearth-bin: ©3G Earth {executables)
¥ skip nfa  nfa 3,169k  ath-rmonteverdi: Monkbeverdi - Desktop apy
& 3kip nfa na 1k otb-monteverdiz: Monteverdiz - Deskkop .
&¥3kip nfa  nfa 41,566k qggis: QGIS Desktop
&% Z,99.0-274 nfa 50,634k ggis-dev: OGIS nighth build of the develo
¥ skip nfa  nfa 353,388k  qais-dev-pdb: Debugaing symbals Faor SGT
&¥skip nfa  na 1k gais-Full: ©iEIS Full Deskiop (meta packag
&¥3kip nfa  nfa 1k ggis-Full-dev: QGIS nightly build of the des
¥ skip nfa nfn 1k ggis-Full-rel-dey: QGIS nighthy build of the
¥ skip nfa  nfa 29,329k qais-ltr: QGIS Deskkop (ong kerm release)

| £rskip | ma 43,036k qais-ltr-dev: QGIS niahtly buid of the |.:._nc|;|
4 3

v Hide obsolete packages

In the package list select python3-matplotlib (in category Libs).
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select Packages o
Select packages to install \.‘K
§earch| Clear |  geep O pred™ Curr O Exp Wiew | Category
Categary | e | J | Size Package ﬂ
E¥ IR0 T T [ = :
&¥Skip nja e 44k python3-idna: Inkernationalized Domain
&¥skip nfa  nja 20k python3-ipython-genutils: Vestigial utilitie:
&¥skip nfa  nja 183k python3-jinjaz: & small but Fast and easy
¥ Skip nfa  nja 73k python3-jsonscherna: An implementation
¥ Skip nia  nja 26k python3-jupyter-core: Jupyter core packs
¥ skip ni e lek pvthon3-markopsafe: Implements a XML
&¥2.0.0-1 nfa 7,835k python3-matplotlib: Python plotting pau:ka_l
¥ skip nfa  nfa 43k python3-mock: Roling backport of unittes
& Skip nia  nja 1358k  pythan3-nbformat: The Jupyter Mokeboak
¥ Skip nia  nja 1,008k python3-networks:: Python package Far cr
&¥ Skip nia  nja 110k python3-nosez; nose? is the next genera «
ol | L|J

v Hide obsolete packages

In the package list select python3-numpy (in category Libs).

Select Packages ot
Select packages b install \.‘x
Search I | Clear | i geep 0 presf* cCurr 7 Exp Yiew | Category
Categary | (=12 | J | Size Package ;I
¥ SFID 111 ] ] B .
&¥Skip nin  nfa 1,006k  pykhon3-netwarks: Python package For ot
&¥Skip nin  nfa 110k python3-nose?; nose? is the next genera
& 1,12, 04+mkl-1 nfa 72,367k python3-nurpy: MormPy: array processing
& Skip min  nfa Ak python3-owslibe OGC Web Service ukility i
& Skip nin  nfn 4,654k python3-pandas: Powerful data structure
&¥skip min  nfa 101k python3-pbr: Pykhon Build Reasonablenes
&¥Skip nin  nfn 796k python3-platly: Python plotting library For
& Skip nia  nfa 772k python3-psycopg?: psycopa? - F'w;.-'I:I'uzun-F'u:_l
&¥Skip nin  nfa 658k python3-pygments: Pyaments is a synkax
& sSkip nia  nfa 45k python3-pyodbec: DB API Module for QDB
& Skip min - nfa 47k python3-pyparsing: Python parsing modul -
‘| | o

v Hide obsolete packages

In the package list select python3-scipy (in category Libs) and click Next.
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Select Packages i
Select packages to install \::,e
Search I | Clear I " keep O Pre™ Curr O Exp Wiew | Category
Category | Hew | J | Size J_F'ﬁge . _‘_I
¥ SR L1 T B
£¥Skip nin  nfin 2,930k  python3-pypraoj Python inkerface bo PRO.
&¥Skip nia  nfa 136k  python3-python-dateutil; Extensions ko kF
&¥Skip nin  nfa 178k  python3-pytz: World bimezone definitions,
& Skip nia  nfa 30k python3-pywaml: YAML parser and emitte
£¥Skip nin  nfa 171k python3-gscintila: Pythons bindings For O
£¥Skip nin  nfn 57k  python3-requests: Python HTTP For Hume
£¥0,19.0rc2-1 nfia 9,737k python3-scipy: SciPy: Scientific Library For
£¥Skip nin  nfin adk python3-shapely: Geometric objects, prec_
&¥Skip nia  nfa 47k python3-simplejson: Simple, Fast, extensit
&¥Skip nin  nfa qk  python3-six: Python 2 and 3 compatibility
& Skip nia  nfa Sak  python3-traitlets: Traitlets Python config « o
‘| | e

v Hide obsolete packages

Click Next to install also other dependencies.

Warning! Unmet Dependencies Found i
The Following packages are required buk have not been selected, b S

boost  (156.0-2) ﬂ
The Boost library.
Required by libkml

curl (7.54.0-1)
The CUEL HTTR/FTP library and commandline Utility,
Fequired by: gdal

expat (2.0.1-1%
The Expat XML Parser library
Required by: gdal, ogdi, libkml

frqi (2.4.0-1)
FastCGI Library

I — LILI

v Inskall these packages ko meet dependencies {RECOMMENDED}E

After the download, QGIS should be installed with all the required dependencies for SCP.
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