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Ciele

/droje open-source DPZ dat pre klasifikaciu obrazu
(praca s datami Earth Explorer)

Interpretacia metadat a rozlisenie zaznamu

Farbené kompozicie a indexy
- zakladné principy tvorby a ich vyuzitie



“Dialkovy prieskum Zeme je veda, technoldgia a umenie ziskavania informacii o objekte,
uzemi, jave na zaklade analyzy dat ziskanych zariadenim, ktoré nie je v priamom fyzickom
kontakte s tymto skimanym objektom, uzemim alebo javom” Lillesand et al. (2007)




ZDROJE OPEN-SOURCE DAT

(aj) pre klasifikaciu obrazu




Zdroje DPZ dat

Earth Explorer (USGS)

https://earthexplorer.usgs.gov/

s ‘fﬁ"‘ ]
dhil . Sentinel (ESA)
SrTM 80 | N’* el https://sentinels.copernicus.eu/web/sentinel/home
/v 3 N - |==="""" WorldDem (Airbus Defence & Space)
e . 1 9 P i http://www.intelligence-airbusds.com/worlddem/

500

Corine Land Cover (Copernicus)

https://www.eea.europa.eu/publications/COR0O-landcover

(111}
o

i

Urban Atlas

http://land.copernicus.eu/local/urban-atlas

Google Earth, Google Maps, sukromné spolocnosti...

m 5 o5
£oe §zee



https://earthexplorer.usgs.gov/
https://sentinels.copernicus.eu/web/sentinel/home
http://www.intelligence-airbusds.com/worlddem/
https://www.eea.europa.eu/publications/COR0-landcover
http://land.copernicus.eu/local/urban-atlas
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Rozdiel v zalesneni oblasti MaluZina (Nizke Tatry) medzi rokmi 2006 a 20.16. Zdroj: Google Earth
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UZEMNE PLANOVANIE

17 scén zo satelitu Sentinel-2A ukazuje ro¢ny pokrok vo vystavbe 3. Bosporského mostu v Istanbule, Turecku.

Zdoj: ESA



POINOHOSPODARSTVO




14 August

201

7/

ESA

Zdroj

Animacia ukazuje poziar a jeho nasledky — zdevastovanu oblast 35 km SV od Atén v Grécku.



17-02-2017

Zaplavy v Indonézii. Zdroj: ESA



Earth Explorer — registracia a stiahnutie snimky



1.1 Registracia na web stranke Earth Explorer http://earthexplorer.usgs.gov/
od Geologickej sluzby Spojenych statov (USGS) a prihlasenie sa.

& C () | & Zabezpeiené

https://earthexplorer.usgs.gov

&R X D O

USGS Home
Contact USGS

science for a changing world

' Gy e b ilei N sy L . Word ; . : Search USGS
EarthExplorer Page Expires In 1:59:18 ¢
‘ Home 1 New System Message Login | Register | Y5 Feedback Help
Data Sets Search Criteria Summary (Show) Clear Criteria
1. Enter Search Criteria e
) Mapa Satelitné
To narrow your search area: type in an address or place

(59°42'43"N,120°56'15"E) Options  Overlays
name, enter coordinates or click the map to define your /
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

Path/Row Feature

=
Predefined Area

Decimal \

€ No coordinates selected.
Add Coordinate | Clear Coordinates
Result Options

Search from: imm/dd/yyyy = to: |mm/dd/yyyy =

Search months: (all)

v



http://earthexplorer.usgs.gov/

User Registration

User Credentials Contact Demographic Contact Information Complete Registration
Registration and login credentials are required to access all system features and download dafa from USGS EROS web services. To ensure privacy and
securiy, ERS uses Hypertext Transfer Protocol with Secure Sockets Layer (HTTPS) to encrypt user authentication.

To register, please create a usemame and password. The information gathered from the registration process is not distibuted fo other arganizations and
is only used fo determine trends in data usage. Review USG5 Privacy Folicies.

The Cancel butfor can be used to exit the registration process at any fime and information enfered will be lost.

Username

i ™y
Username Requirements

Must be between 4 and 30 characters
New Password May contain alphabetic and numeric characters
May only contain the following special characters
period "."
at sign "@"
underscore " "
Confirm New Password dash "

L "

i ™y
Password Requirements

Must be between & and 16 characters
== S Must contain at least one alphabetic character

TRAI l ORM [ ] Must contain at least one numeric character
) o May only contain the following special characters

comma "."
Type the text Privacy & Terms hyphen °-*

period "."

pipe l||l|
pound "#"

i underscore "_"
Continue L )




C 1) | & Zabezpecené | https://earthexplorer.usgs.gov

G@® X O O
> ‘ = : P .. l' ‘ { [ | :

) 7" USGS Home
o &sr Contact USGS
& L,I Y Search USGS
science for a changing world

EarthExplorer

. : : - , VT
Home 1 New System Message

Page Expires In1:59:18 C

Reglster Yiiid Feedback Help

Data Sets

Search Criteria Summary (Show)
1. Enter Search Criteria —

Clear Criteria
. Mapa Satelitné .
To narrow your search area: type in an address or place
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

Path/Row Feature

Predefined Area
Decimal |
O No coordinates selected.

Result Options

Search from: |[mm/dd/yyyy

& to: mm/ddlyyyy
Search months: (all)



1.2 Vyhranicenie zaujmovej oblasti a zadanie pozadovaného obdobia zhotovenia snimky.

Data Sets Additional Criteria Results

1. Enter Search Criteria

To narrow your search area: type in an address or place
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

| |

Feature

echla

1. Lat: 48° 54' 42" N, Lon: 020° 15' 21" E /R

2. Lat: 48° 33' 43" N, Lon: 020° 29' 12" E R

3. Lat 48° 36' 40" N, Lon: 021° 31' 59" E /R

4. Lat 48° 57' 30" N, Lon: 021° 35' 56" E /R
'UseMap | Add Coordinate | Clear Coordinates
Result Options

Search from: 08/01/2016 | to: [08/30/2016 |

Search months: (all) v

Additional Criteria »

Data Sets »

Search Criteria Summary (Show)

Mapa Satelitné B (47° 45 41°N,024° 4
) 4G

Hradec
Kml’) /e

(.
Pirdubm-‘- —RzeszOwW—-_

Farnows— 3

\
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Przemysle

s 1. ) Vplsanle adresy/mlesta...
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.
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ey

Slovensko
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‘. Slovakia
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L
Satu Mare

Clear Criteria

2'29"E) Options Overlays

Ctpun
Stryi
.

leado-Ppa
lvano-kra

¥Baia Mare
_ Ll
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3.) Klik na Data Sets

~:Turda &



1.3 Vyber datasetu (datasetov) (napr. Landsat 8 OLI/TIRS, Landsat 7 ETM+, a pod.)

Results

Search Criteria Additional Criteria

2. Select Your Data Set(s)

Check the boxes for the data set(s) you want to search.
When done selecting data set(s), click the Additional
Criteria or Results buttons below. Click the plus sign
next to the category name to show a list of data sets.

Use Data Set Prefilter (what's This?)
Data Set Search: '

- Global Fiducials

# ISERV
- Land Cover
El' Landsat Archive [}
-Collection 1 Level-1
&l Pre-Collection Level-1
- ¢ @ [E L8 OLUTIRS
@ [%] L8 OLITIRS Pre-WRS-2
- ¢ @[] L7 ETM+ SLC-off (2003-present)
%] L7 ETM+ SLC-on (1998-2003)
L4-5TM
%] L1-5 MSS

#-Collection 1 Higher-Level (On-Demand) [

& Landsat Legacy
NASA LPDAAC Collections

Clear All Selected | Additional Criteria »

Search Criteria Summary (Show)
Karpaczs+ .

Mapa Satelitné |

&
Katownce

Kralové
L)
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¢
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L dMmoscC

(47° 37° 42" N, 023 Options
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L
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V4

1.4 VVyber pridavnych kritérii

Search Criteria Data Sets || .U 00 B Re G R R Results

3. Additional Criteria (Optional)

Mapa  Satelitné 2 s Y S (46°02'33"N,022°01'39"E)  Options  Overlays ‘
If you have more than one data set selected, use the Tl M ‘ ‘ % s SRR ;
dropdown to select the additional criteria for each data frodubice SR ANV W T} Tarnow SR RZES IO, o
sets. = | ; . . : ~—— Lviv
y L

Search Criteria Summary (Show) Clear Criteria

Data Sets: sko
L3 OLITIRS v

Cloud Cover , - 3 : : . cuet istryi )
Al - Vyber parametrov b (Bro AT\ B> Ll iets e R R AR
v 7 oot B = ASx y ST 229 " " |zaHo-®paHKis
Less than 20% (napr. Ob|acnOSt SR : r i : =0 : 3 i Ivano-Eranki
Less than 30% :

Less than 40% ~ mengia ako 10%) Slovensko

‘L 1 | ZYKropog,
2 -§<l o\\_{_a k|a 7 { Uzhhorod

Date L1 Generated (Ex. YYYYIMMIDD)
‘to

paymvight indicator - \/yber indikatora
Al -

(napr. snimka

Night ~ N

_ , za den/noc) | s i -
Nadir/Off Nadir g I SO e W e : \ g O
All R : : | :
Nadir \ :
Off Nadir ~

Szolnok
\ e

Magyarorszag
=~ Hungary: -~

Processing Software Version
‘All J &

LPGS 251

LPGS 250

LPGS 2.4.0

LPGS 230 ~

L Cluj-Napoca

rdat™ TarguiMures
) 4 *

Alba'lulia
3

i

Clear All Criteria W



1.5 Vysledky a vyber datasetu na stiahnutie

Search Criteria Data Sets Additional Criteria

Search Criteria Summary (Show)

+f P

4. Search Results

Satelitné ™
If you selected more than one data set to search, use 1” _ Rk h A
the dropdown to see the search results for each specific . e

dalaset i Vyber datasetu (napr.
Show Result Controls > @ Landsat 8 OLI/TI RS
Data Set Click here to export your results » (_f : kS SR Olomo ICE” P
L8 OLITIRS .
e

Displaying1-10f1 ©

Entity ID:LC81870262016221LGN0O0D
Coordinates:48 86645,20.91212
Acquisition Date:08-AUG-16
Path:187

Row:26

$dd /L HEFO

n e " N ‘
2le
7 Sdt;ron

S\

~

2.) Lavy klik — Nahlad a metadata feouit

Landsat Scene |dentifier
WRS Path

WRS Row

Target WRS Path

Target WRS Row

=~ Stalowa'Wola' &

!

g o

Krosno
Nowy Sacz T .
A ,

Knmira . 7drAi

LC81870262016221LGN0O0

187
026
187
026

. I
Tarnow ——— Rzeszow—__

Przemysle

Clear Criteria

‘e

Options  Overlays

JIbBiB

- 2
IBano-PpaHKiBCbK
Ivano-Frankivsk
? ‘L

Konomus
Kolomyya
-

1etu
‘matiei

Bistrita




1.6 Stihanutie vybraného datasetu (napr. full dataset = Level 1 GeoTIFF Data Product)

DRIk 7
Mapa Satelitné im. T R e e § (47°51'53"N,019°34'39"E) Options Overlays

4. Search Results

If you selected more than one data set to search, use
the dropdown to see the search results for each specific
data set.

Show Result Controls =
Data Set Click here to export your results » (4" ust.:ik\ \
\ Wisla
L8 OLITIRS v " LandsatLook Natural Color Image (8.9 MB)
1y X1 Wil LandsatLook Thermal Image (3.3 MB)
L o i o I
Dlspleving 4 -4 of 1 , Landsatl ook Quality Image (390.5 KB)
Entity ID:LC81870262016221LGNO0 L
Coordinates:48.86645,20.91212 200G LandsatLook images with Geographic Reference (12.6 MB)
Acquisition Date:08-AUG-16 25|
1 Path:187 3 3 / X5 ) Level 1 GeoTIFF Data Product (895.8 MB)
Row:26 |

YddHawe

Lavy klik — MoZnosti stahovania

i
SatuMare’ o




Fath/Row Feature
Jokulsarlan

Pr. Klimatické zmeny a ustup ladovca e [ ar

Click on an Address/Place to show the location on the map and
add cocrdinates to the Area of Interest Control.

1. Vyhladanie alebo zoom na “Jékulsarlén® (ladovcova laguna, Island) Num | Address/Place Latitude | Longitude
2. Stiahnutie 2 scén (bez oblakov nad Uzemi a bez snehu): |, e St
e Sucasna snimka (2016-2017) Result Options

* Snimka z obdobia 2000-2003 Search from: [08/01/1987 | & to 083111900 |
* Snimka z obdobia 1987-1990 i A .
Pozn.: R

L <
Ey 1
- D .
;-‘Q ¥
b
Rl & 4
Ji
&)

P

“J S
A .
> & £
e

e \Y\yuzitie ,Pridavnych kritérii” pre vyber scén s malou oblacnostou

* Idedlne - stiahnutie scén iba z obdobia (pravdepodobnost Cistej snimky) Mgy

e Predpoklad vyuzivania rozlicnych datasetov (napr. Landsat 4-5, 7, 8) VA B R

* it (R
e _s“‘

A
«

3. Rozzipovanie stiahnutého suboru N
4. Skopirovanie potrebnych .tif suborov do nového priecinka L -’4 :

5. Skontrolovanie vlastnosti siboru (uistenie sa, Ze maju surad. systém)
6. Usporiadanie suborov od najnovsich po najstarsie
7. Vektorizacia alebo klasifikacia obrazu .~



Zmeranie Sirenia ladovca pozdlz 5 profilov (pre kazdu cast l'adovca a casové obdobie)







INTERPRETACIA METADAT
A ROZLISENIE ZAZNAMU




Interpretacia metadat



4. Search Results

If you selected more than one data set to search, use

the dropdown to see the search results for each specific

data set.

Show Result Controls

Data Set

Click here to export your results » (&'

L8 OLITIRS

v

First Previous ‘1 v Next Last

Displaying 1-10f1 ©@

Entity ID:LC81870262016221LGN00D
Coordinates:48 86645,20.91212
Acquisition Date:08-AUG-16
Path:187

Row:26

yadf]s awe

Lavy klik — Ukazka metadat
a prehladavanie

Mapa

Satelitné

(47°51'53"N,019° 34 39"E) Options

Data Set Attnbute Atinbute Value

Landzat Scene Identifier

WRS Path
WRS Row
Target WRS Path

Target WRS Row

Eull or Parfial Scene

Madir/Off Nadir

Data Cateqory

TIRS SSM Model

Bias Parameter File Name OLI
Bias Parameter File Name TIRS

Calibration Parameter File

RLUT File Name
Roll Angle
Station |dentifier
Day/Might

Data Type Levell

Sensor Identifier

IVIEZOKOVESU

LCB1870262016221LGNO0

187

026

187

026

FULL

NADIR

MNOMINAL

FINAL
LOSBPF20160808091941_20160808094158.01
LTEBPF20160803085042_20160818203550.01
LACPF20160701_20160930.02
LARLUT20150303_20431231v11.h5

-.001

LGN

DAY

L1T

OLI_TIRS ~

Open New Window H Cloze ‘

Satuivial @

Overlays




| andsat — oznacenie suborov

LC81870262016221L GNO1

| |

Senzor Rok Den od zacCiatku roka ‘

LE71860262016222NSG00

https://landweb.nascom.nasa.gov/browse/calendar.html



https://landweb.nascom.nasa.gov/browse/calendar.html

Data Set Attribute Attribute Value k- . e

Landsat Product |dentifier

Landsat Scene |dentifier

LCO8_L1TP_187026_20160808_20170322_01_T1

LC81870262016221LGNO1

Acquisition Date 2016/08/08
Collection Gategory T1
Collection Number 1

WRS Path 187

WRS Row 026

Target WRS Path 187

Target WRS Row 026
Nadir/Off Nadir NADIR
Roll Angle -.001

Date L-1 Generated 2017/03/22

Start Time

Stop Time

2016:221:09:26:25.9597240

2016:221:09:26:57.7297210

I
I

ﬁ

- A
>

I
>3
I

—_
— ——_

S r\&.c];f'

off-nadir

—_

—



RozliSenie zaznamu



Layer Properties *

General Source | Key Metadata Bdent Display Symbology

Property Value 2
Fl  Raster Information 4 ro-4 H
e R - Spektralne rozlisenie
Mumber of Bands 1 L~ . , ~ .
Cell Size (%, Y) %, 30 » Priestorové rozlisenie
Uncompressed Size 120,12 MB
Format TIFF
Source Type Generic
Pixel Type unsigned integer . e . , . .
Pixel Depth 16 Bit }-— Radiometrické rozliSenie
Property Value "
=l Spatial Reference WGS_84 MM _zone_34M
Linear Unit Meter (1,000000)
Angular Unit Degree (0,0174532925199433)
false_easting 500000
false_narthing 0
central_meridian 21
scale_factor 10,9996
latitude_of_arigin 0
Datum D_WGS_1984 v ”’“E_. - 1. priestorova (mm, cm, dc, m, km)
Data Source 10m , ,
S : : - 2. spektralna (spektralny rozsah)
ata Type: File System Raster
Fakder: I:\PhD'\metody DPZ\cvicenia\L8_08_08_2016\ - i
Raster: LCB1870262016221LGNO0_B L.TIF 5G R NIR - VID, IC, termdlne, radar
- 3. radiometricka (rozdelenie toku radiacie
. ‘ )
Set Data Source... I | - elementarna jednotka <0, 255>
I I - 4. temporalna (Casovy interval 2 zaznamov)
e - operativnost nosi¢ov — lietadla, druzice
Zrusit Pousit




Sentinel-2A

= snimkovanie v 10-dnovych intervaloch
= senzor MSI (z ang. Multi-Spectral Instrument)

Multispektralne skenovanie

L andsat 8 - 13 spektralnych pasem

- snimkovanie v 16-dfiovych intervaloch - zdroj dat: Copernicus Open Access Hub (scihub.copernicus.eu)

= senzory OLI (z ang. Operational Land Imager)

m

a TIRS (z ang. Thermal Infrared Sensor) VIS - SWIR
€ >€ >€ >
Bl B9 B10
Ol_l | Aerosols --\| ( Water-'uapnu: ] |[Elnus \|
s . s VA% Ve 60 . h - - . PR ™
- 8 spektréinych s priestorovym rozlisenim 30 m 55 BY BEs \ " apetation statis J
a panchromatické pasmo s rozlisenim 15 m ue,m,{ || | I .
red edge
Bll B12
TIRS
- snimanie 2 termalnych pasem (pixel sa kvoli
zhodnosti resampluje zo 100 m na 30 m rozlisenie) B2 B3 B4 B8 -
1000 1200 1400 1600 1800 2000 2200 2400
- zdroj dat: EarthExplorer (earthexplorer.usgs.gov) Obr. 7. Skdla spektrdlnych pdsem druzice Sentinel-2 a ich relativne vysoké

priestorové rozlisenie otvara nové moznosti dplikacii vo vyskume krajiny.
Zdroj: ESA (2017)



Landsat 8 Operational Land Image (OLI) and Thermal Infrared Sensor (TIRS)

Band Wavelength | Useful for mapping

Band 1 - coastal aerosol 0.43-0.45 Coastal and aerosol studies

Band 2 - blue 0.45-0.51 Bathymetric mapping, distinguishing soil from vegetation and deciduous from
coniferous vegetation

Band 3 - green 0.53-0.59 Emphasizes peak vegetation, which is useful for assessing plant vigor

Band 4 - red 0.64-0.67 Discriminates vegetation slopes

Band 5 - Near Infrared (NIR) 0.85-0.88 Emphasizes biomass content and shorelines

Band & - Short-wave Infrared 1.57-1.65 Discriminates moisture content of soil and vegetation; penetrates thin clouds

(SWIR) 1

Band 7 - Shori-wave Infrared 2.11-2.29 Improved moisture content of soil and vegetation; penetrates thin clouds

(SWIR) 2

Band & - Panchromatic 0.50-0 68 15 meter resolution, sharper image definition

Band 9 - Cirrus 1.36-1.38 Improved detection of cirrus cloud contamination

Band 10 - TIRS 1 10.60-11.19 | 100 meter resolution, thermal mapping and estimated soil moisture

Band 11 - TIRS 2 11.30-12.531 | 100 meter resolution, improved thermal mapping and estimated soil moisture




— Fuziou takychto dat sa da predpokladat napr,

zvysenie rozlisenia modelovanej teploty povrchu

Jednorazovy
zaznam §
Leteckd ortofotosnimka, Letecké laserové skenovanie,
01m 015 m
Periodicky
zaznam

T
Sentinel 2A Pozemné laserové
10m skenovanie, 0.005 m




Dékaz existencie tepelného ostrova v meste Kosice
(Onacillova a Gallay 2018)

 Fenomén MTO neobchadza ani stredné a malé mesta

 Priestorova distribucia teplot v ramci MTO v zavislosti od typu krajinne;
pokryvky

Ve

« Aj malé plochy vegetacie, dokazu ucinne znizovat teploty v ramci MTO

Obr. Hodnoty LST a NDVI pre 6. august 2015 vo vybranych castiach historického
centra mesta Kosice (A). 1 — stromova alej na Moyzesovej ulici, 2 — centrum mesta,
3 — Mestsky park. (B) perspektivne 3D zobrazenie LST modelu resamplovaného na
0.5 m rozliSenie na podklade digitalneho modelu povrchu odvodeneho z lidarovych
dat ako uvadzaju prace Onacillova a Gallay (2018) praca Hofierka et al. (2017).




= Vztah medzi datami leteckého a pozemného

laserového skenovania a datami druzice
Sentinel 2 (Onacillova a Gallay 2018, spravy
pre ESA SURGE)

Moznost vyuzitia MS dat druzice Sentinel-2A  pre
aproximaciu dynamiky fenologickych faz mestske]
vegetacie v priebehu roka a pre parameterizaciu
priepustnosti - vegetacie pri modelovani  slnecného
ziarenia a sledovanie prenosu tepla v urbannom
priestore

NDVI odvodené z dat druzice Sentinel-2A sa ukazalo
ako vhodna metrika pre parametrizaciu mestskej zelene,
nakolko Uzko koreluje s hodnotami LAl (Leaf Area
Index) odvodenymi z dat leteckého a pozemneho
laserového skenovania (obr)

Hlavna : Moyzesova
y=015+0.045-x, R y=01+0.047-x, R°=0

694 PDF

Y i 5
o " 1.

7 Gt2B
Y 1.0
& 05
0.0

NDW S2A
01 02 03 04 05

Obr. NDVI odvodene z dat druzice Sentinel-2A korelujuce s
hodnotami LAl odvodenymi z dat leteckeho a pozemného
laserového skenovania pre 14. september 2016.




FARBENE KOMPOZICIE A INDEXY

- zakladné principy tvorby a ich vyuzitie




Farebné kompozicie



False Colour 6,5,2
Vegetation

False Colour 7,6,4
Urban

Colour IR 5,4,3
Vegetation

False Colour 5,6,4
Land/Water

sentinel-2-bands-combinations


https://gisgeography.com/sentinel-2-bands-combinations/

Reflected portion  Incidence visible

of the radiation radiation
R RGB G RGB B RGB
Surface colour apears: red green blue
GB RGB

e & \Z

Surface colour apears: cyan magenta yellow




Colour RGB 4,3,2
Natural colours

Red

Green

Blue

Landsat 8

Band
Band 1 - coastal aerosol

Band 2 - blue

Band 3 - green
Band 4 - red
Band 5 - Near Infrared (NIR)

Band 6 - Short-wave Infrared
’.S'-\”R] 1

Band 7 - Short-wave Infrared
(SWIR) 2

Band 8 - Panchromatic
Band 9 - Cirrus
Band 10-TIRS 1

Band 11 -TIRS 2



Colour RGB 4,3,2
Natural colours

Red

Green

Blue

Landsat 8

Band

Band 1 - coastal aerosol

(8]

and 2 - blue

Band 3 - green
Band 4 - red
Band 5 - Near Infrared (NIR)

Band 6 - Short-wave Infrared
| S]-\n"IR] 1

Band 7 - Short-wave Infrared
(SWIR) 2

Band 8 - Panchromatic
Band 9 - Cirrus
Band 10-TIRS 1

Band 11-TIRS 2



Colour RGB 4,3,2
Natural colours

Red

Green

Blue

Landsat 8

Band

Band 1 - coastal aerosol

(8]

and 2 - blue

Band 3 - green
Band 4 - red
Band 5 - Near Infrared (NIR)

Band 6 - Short-wave Infrared
| S]-\n"IR] 1

Band 7 - Short-wave Infrared
(SWIR) 2

Band 8 - Panchromatic
Band 9 - Cirrus
Band 10-TIRS 1

Band 11-TIRS 2



Colour IR 5,4,3
Vegetation

Landsat 8
Band
Band 1 - coastal aerosol

Band 2 - blue

Band 3 - green
Band 4 - red
Band 5 - Near Infrared (NIR)

Band 6 - Short-wave Infrared
(SWIR) 1

Band 7 - Short-wave Infrared
(SWIR) 2

Band 8 - Panchromatic
Band 9 - Cirrus
Band 10-TIRS 1

Band 11 -TIRS 2

HIR channel

Additive
colour
synthesis

. - ad

Infrared false colors
composite




Colour IR 5,4,3
Vegetation

Landsat 8
Band
Band 1 - coastal aerosol

Band 2 - blue

Band 3 - green
Band 4 - red
Band 5 - Near Infrared (NIR)

Band 6 - Short-wave Infrared
(SWIR) 1

Band 7 - Short-wave Infrared
(SWIR) 2

Band 8 - Panchromatic
Band 9 - Cirrus
Band 10-TIRS 1

Band 11 -TIRS 2

HIR channel

Additive
colour
synthesis

. - ad

Infrared false colors
composite




Colour IR 5,4,3
Vegetation

Landsat 8
Band
Band 1 - coastal aerosol

Band 2 - blue

Band 3 - green
Band 4 - red
Band 5 - Near Infrared (NIR)

Band 6 - Short-wave Infrared
(SWIR) 1

Band 7 - Short-wave Infrared
(SWIR) 2

Band 8 - Panchromatic
Band 9 - Cirrus
Band 10-TIRS 1

Band 11 -TIRS 2

HIR channel

Additive
colour
synthesis

. - ad

Infrared false colors
composite




Green

Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM) + Bands

Band |Name Band Width (A, pm) |Spatial Resolution
1 Blue 0.45-0 515 30 m

2 Green 0.525-0.605 30m

3 Red 0.63-0.69 30m

4 Near Infrared 0.75-0.90 30 m

5 Shortwave IR-1 1.55-1.75 30m

[} Thermal IR 10.4-12.5 60m /120 m*™

7 Shortwave IR-2 2.09-2 35 30 m

8% FPanchromatic 0.52-0.9 15m

Near-infrared

Color composite
RGB = green, red, near-
infrared

Vlastnosti jednotlivych spektralnych pasem sluzia pre rézne aplikacie.

https://landsat.gsfc.nasa.gov/landsat-8/landsat-8-bands/

‘ Jensen, 2007 I


https://landsat.gsfc.nasa.gov/landsat-8/landsat-8-bands/

Reflection (%)

Near-infrared

60— Visible NIR ‘ Intermediate Infrared

11213 | 4 5

- ]

o
o
|

40: Color composite
d v /N RGB = green, red, near-
. ] infrared

20— // /\
104/ 1N \

™\ Watef Vegetation

| ‘ Jensen, 2007 I
0,5 0,7 0,9 1,1 1,3 1,5 1,7 1,9 2,1 2,3 2,5

™

Wavelength (um)

Viastnosti jednotlivych spektralnych pasem sluzia pre rozne aplikacie.

https://landsat.gsfc.nasa.gov/landsat-8/landsat-8-bands/



https://landsat.gsfc.nasa.gov/landsat-8/landsat-8-bands/
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Farebné syntézy
- tvorba a interpretacia



Pr. Vytvorenie kombindcie v prirodzenych farbach (432) pre Landsat 8

1. Pridanie pasem
2 (blue), 3 (green), 4 (red) do QGIS Band

Band 1 - coastal aerosol

Band 2 - blue

2. Vytvorenie virtualneho rastra

Band 3 - green

, i . , Red
2. Spravne premietnutie pasem BARA < T
Cez kanaly RGB Band 5 - Near Infrared (NIR)
Band 6 - Short-wave Infrared
"S'-\JIR" 1
RGB Green
Band 7 - Short-wave Infrared
';S‘-\JlRll ?
Band 8 - Panchromatic
B8and 9 - Cirrus
Blue

Band 10-TIRS 1

Band 11-TIRS 2




Pr. Vytvorenie kombindcie v neprirodzenych farbach (napr. 543) pre Landsat 8

1. Pridanie pasem do QGIS:
3 (green),
4 (red),
5 (infrared)

2. Vytvorenie virtualneho rastra

3. Spravne premietnutie pasem
cez kanaly RGB

Band
Band 1 - coastal aerosol

Band 2 - blue

Band 3 - green
Band 4 - red
Band 5 - Near Infrared (NIR)

Band 6 - Short-wave Infrared
(SWIR) 1

Band 7 - Short-wave Infrared
(SWIR) 2

Band 8 - Panchromatic
Band 9 - Cirrus
Band 10-TIRS 1

Band 11 -TIRS 2

HIR channel )

%: Sy &
) .’.\..\'

%ira '.'."_ M

i - e

Additive
colour
synthesis

Infrared false colors
composite




Pr. Vytvorenie kombindcie v prirodzenych farbach (432) pre Sentinel 2

1.

Pridanie pasem
2 (blue), 3 (green), 4 (red) do QGIS

Vytvorenie virtualneho rastra

Spravne premietnutie pasem
cez kanaly RGB

Red

Green

Blue

Band

B1

B2

B3

B4

B3

B

E7

BE

B&a

B9

B10

B11

B12

Description

Ultra blue (Coastal and
Aerosol)

Blue
Green
Red

Visible and Mear Infrared
(VNIR)

Visible and Mear Infrared
(WMIR)

Visible and Mear Infrared
(VNIR)

Visible and Mear Infrared
(WNIR)

Visible and Mear Infrared
(VNIR)

Short Wave Infrared (SWIR)
Short Wave Infrared (SWIR)
Short Wave Infrared (SWIR)

Short Wave Infrared (SWIR)



Pr. Vytvorenie kombinacie v neprirodzenych farbach (11-8-2) pre Sentinel 2

1.

2.

3.

Pridanie pasem do QGIS:
2 (blue)

8 (VNIR)

11 (SWIR)

Vytvorenie virtualneho rastra

Spravne premietnutie pasem
cez kanaly RGB

Agriculture (B11, B8, B2)

Band

B1

B2

B3

B4

B3

B

E7

BE

B&a

B9

B10

B11

B12

Description

Ultra blue (Coastal and
Aerosol)

Blue
Green
Red

Visible and Mear Infrared
(VNIR)

Visible and Mear Infrared
(VNIR)

Visible and Mear Infrared
(VNIR)

Visible and Mear Infrared
(VNIR)

Visible and Mear Infrared
(VNIR)

Short Wave Infrared (SWIR)
Short Wave Infrared (SWIR)
Short Wave Infrared (SWIR)

Short Wave Infrared (SWIR)



Natural Color (B4, B3, B2)

- . o’é./ "
. 'ﬁ,‘ﬁ" ?#‘A':l:.\

-

Its purpose is to display imagery the same way our eyes
see the world. Just like how we see, healthy vegetation
is green. Next, urban features often appear white and
grey. Finally, water is a shade of dark blue.

The agriculture band combination uses SWIR-1 (B11),
near-infrared (B8) and blue (B2). It's mostly used to
monitor the health of crops because how it uses short-
wave and near infrared.

Color Infrared (B8, B4, B3)

.7 " ‘_..':“: ..
£
2% 10, L jhf‘q’-p.h
This comblnatlon is meant to empha5|ze The short-wave infrared band combination uses
healthy and unhealthy vegetation. By using the SWIR (B12), NIR (B8A) and red (B4). Darker
near-infrared (B8) band, it’s especially good at shades of green indicate denser vegetation.
reflecting chlorophyll. Brown - bare soil and built-up areas.

Farebné kompozicie
pre Sentinel 2)




Moznosti vytvarania skriptov

SRSERRR T M

¥ SENTINEL

Sentinel Hub — EO Browser

@

Rendering

Sentinel Playground
QGIS - AP

(1Fsat

i

X CUSTOM SC

Z REFRESH = & GENERATE

1

ATTRACTIVE PRIZES, FAME AND GLORY AWAIT YoU!

inel H ) :
gentinel Hub ( opermicus



https://apps.sentinel-hub.com/eo-browser/?lat=-0.3213&lng=34.1359&zoom=10&time=2019-10-04&preset=CUSTOM&datasource=Sentinel-2 L2A&layers=B03,B02,B01&evalscript=%2BMC4xICYmIGJSYXRpbyA%2BIDEpIHsgLy9jbG91ZAogdmFyIHYgPSAwLjUqKGJSYXRpbyAtIDEpOwogcmV0dXJuIG5hdHVyYWxfY29sb3I7Cn0KCmlmIChCMTEgPiAwLjEgJiYgYlJhdGlvID4gMCAmJiBOREdSPjApIHsgLy9jbG91ZAogdmFyIHYgPSA1ICogTWF0aC5zcXJ0KGJSYXRpbyAqIE5ER1IpOwogcmV0dXJuIG5hdHVyYWxfY29sb3I7Cn0KLy9jbGFzc2lmeSB0aGUgcHJlc2VuY2Ugb2YgYWxnYWUgYW5kIHdhdGVyIHBsYW50cyBvdmVyIHdhdGVyIHN1cmZhY2VzCmlmIChORFdJIDwgMCAmJiB3YXRlcl9ib2RpZXMgPiAwKSByZXR1cm4gbmF0dXJhbF9jb2xvcjsKZWxzZSByZXR1cm4gW0ZBSSo4LjUsIHdhdGVyX3BsYW50cyo1LjUsIE5EV0kqMV07Cgo%3D
https://apps.sentinel-hub.com/sentinel-playground/?source=S2&lat=32.765336175015776&lng=-17.07550048828125&zoom=11&preset=2_COLOR_INFRARED__VEGETATION_&layers=B01,B02,B03&maxcc=76&gain=1.0&gamma=1.0&time=2019-04-01|2019-10-01&atmFilter=&showDates=false

Spektralne indexy



Spektralne indexy

- Pomer medzi DN dvoch alebo viacerych
spektralnych pasiem

- Pre viaceré typy analyzy krajiny umoznuje
vyhnut sa prepoctu DN na hodnoty odrazivosti

- Pomer totiz ostava rovnaky na plochach
privratenych a odvratenych ku Sinku v ramci
danej scény pre urcity casovy okamih

- Bezne sa pouzivaju vegetacné indexy (VI
NDVI, NNWI, NDBI...)




Vypocet NDVI

NDVI = (IR - R)/(IR + R)



Vypocet NDVI

Vystupny rozsah indexu sa pohybuje v rozmedzi hodnét -1 az 1: | '~
- vel'mi nizke hodnoty (0.1 a nizsie, resp. blizke -1) zodpovedaju
nedrodnym oblastiam odkrytej/holej pody, skal, piesku a snehu

- stredné hodnoty (0.2 — 0.3) reprezentuju kriky a travnaté plochy

- vysoké hodnoty (0.6 — 0.8, resp. blizke 1) reprezentuju zelen
(kvalitnu, hustu vegetaciu, resp. lesy mierneho pasma, pralesy)




NDVI

\lystupné data: dalsie interpretacie indexu

50%

Near Infrared Near Infrared
Visiblered Visiblered

iy VAT

0.50-0.08 04-03
0.50+0.08 =0.72

oares 014

Primary productivity

i —— - ———— - -
CVt: Seasonality

Growing season

0.33-0.66

0.66 -1

Legend

| | NDVI
5 | Il -0.042574

[]0.081110
1 [ 10.204794

. " | 0.328478

¥ | 0452162

THE MAPPING
COMPANY
2016
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Ciele

Objasnenie principov klasifikacie obrazu

Riadena klasifikacia obrazu
- snimok Landsat 8 a Sentinel 2A

Presnost klasifikacie obrazu — interpretacia chybovej matice



Objasnenie principov klasifikacie obrazu



Klasifikacia obrazu

= proces triedenia pixlov do urcitého poctu tried na
zaklade ich Udajovych hodnot

= ide o hladanie zmysluplnych vzorov v udajoch
(spektralnych a priestorovych)

= cielom je zednodusit/spresnit interpretaciu
zaznamu DPZ

= Priklad: Priradenie vSetkych pixelov snimky do
tried (napr. voda, listnaty les, ihlicnaty les, pole,
pbda, sneh..)




Klasifikacia obrazu

L

laEEEE 0 Owddooda

Legend:

Agro-forestry areas

Airports

Annual crops associated
with permanent crops

Bare rocks

Beaches, dunes, sands
Broad-leaved forest
Burnt areas

Coastal lagoons

Complex cultivation
patterns

Coniferous forest
Construction sites
Continuous urban fabric
Discontinuous urban fabric
Dump sites

Estuaries

EEE0O0 =

]

AlO00E.

Fruit trees and berry
plantations

Glaciers and perpetual
snow

Green urban areas

Industrial or commercial
units

Inland marshes
Intertidal flats

Land principally occupied
by agriculture, with
significant areas of natural
vegetation

Mineral extraction sites
Mixed forest

Moors and heathland
Natural grasslands
Non-irrigated arable land

Olive groves

Uododde 0ddmn

|

WO

Pastures

Peat bogs

Permanently irrigated land
Port areas

Rice fields

Road and rail networks and
associated land

Salines

Salt marshes
Sclerophyllous vegetation
Sea and ocean

Sparsely vegetated areas

Sport and leisure facilities

Transitional woodland-
shrub

Vineyards
Water bodies

Water courses



2 pristupy

a) Objetovo-orientovana (OBIA)

= Vyuziva sucasne spektralnu informaciu aj je] priestoroveé rozmiestnenie

W,

() Segmnt (b) Classifie (c) Region merged
. Grass O Tree . Buildings . Water O Road O Soil



2 pristupy

b) Zalozena na pixloch (per-pixel)

= Vyuziva iba spektralnu informaciu
= Nevyuziva priestorove rozmiestnenie a susedské vztahy

Typy:

= Riadena klasifikacia (Supervised classification)

= Neriadena klasifikacia (Unsupervised classification)
= Zalozena na inom pravidle



Riadena klasifikacia

Supervised
Classification

User collects
training data

User specifies
training sites to be
used for classification

y

Computer assign
pixels to closest
class based on
training data

Evaluate result

Uzivatel zadefinuje homogénne,
reprezentativne vzorky, tzv. trénovacie
plochy roznych typov krajinnej pokryvky

Pocitac na zaklade zvoleného algoritmu
priradi pixely do vizualne najblizsej triedy
na zaklade trénovacich pléch

Idealna je dobra znalost klasifikovaného
Uzemia a dobra vizualna interpretacia

Fistogrom

pp

[ Do ] Pt | Save | Hen |

= *




Riadena klasifikacia

Typy:

Minimum Distance-to-Means
— priemer hodnot DN

Maximum Likelihood
— pravdepodobnost prislusnosti ku triede

Spectral Angle Mapper
— minimalny rozdiel od n-dimenzialneho
spektralneho vektora triedy

Training Sites Signatures

_L‘

' Used to classify
all unknown
pixels




Neriadena klasifikacia

= Surové spektralne data sU zoskupené len

/ vi ey , , 20 Clust
na zéaklade Statistickej Struktiry déat s

6 Iterations

= Potom pocitac priradi kazdy Statisticky
cluster do vhodnej triedy (ak je to mozné)

Crtcdar 2008
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Riadena klasifikacia obrazu

- snimok Landsat 8 a Sentinel 2A



1. Nacitanie vstupnych dat — pasem Sentinel 2
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2. Vytvorenie virtualneho rastra
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long term release

QGIS 310

A Coruna

Presnost klasifikacie obrazu

— interpretacia chybovej matice



Chybova matica

Referencné adaje
Kategéria Ia;::::é PHP plocha I}';"hi :r;i:: Ei:':"’ EC(%) | UA (%)
zastavand plocha z 38 z 1 43 95,35% 4 65%
~E PHP plocha 18 53 22 3 o6 44 79% 55,21%
E % lesna plocha 2 47 28 0 137 35,77% Bd 23%
% -g vodnd plocha 1 4 11 8 24 BE,67% 33,33%
e Celkovy sufet 23 142 123 12 300

EOQ 01,30% B2 ,68% 28,46% 33,33% 49 67%

PA 8,70% 37,32% 71,54% BE,67% 50,33%

EC — chyby nadhodnotenia — reprezentuju pixely, ktoré patria do inej kategorie, akou je zaujmova kategoria

EO — chyby z podhodnotenia reprezentuju pixely, ktoré patria do spravnej kategorie

PA - producentskd presnost - ako dobre méze byt istd plocha klasifikovand (chyba z podhodnotenia)

UA — uZivatelskd presnost — pravdepodobnost, s akou pixel triedy na mape reprezentuje pixel triedy vzhladom na ostatné kategorie

+ Kappa koeficient — celkovd statistickd presnost
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