Nll USTAV GEOGRAFIE SEMINAR PRE GYMNAZISTOV | UGE

JANUAR 2023

DIALKOVY PRIESKUM ZEME

doc. Mgr. Michal Gallay, PhD.

Mgr. Katarina Onacillova, PhD.




UNIVERZITA
PAVLA JOZEFA SAFARIKA
V KOSICIACH

Obsah seminara @ UsavorocRari

Dialkovy prieskum Zeme

— teoretické principy,
— vyzarovanie a odrazivost,
— farebné kompozicie a spektralne indexy

a «I Aplikacie dialkoveho prieskumu Zeme

Sentinel Hub — EO Browser — prakticke ukazky




DPZ je sucastou kazdého dna
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Monitoring globalneho pocasia :
integracia dat z mnohych satelitov

4 1
Smer a rychlost vetra
Date | 2017-05-07 20:00 Local
Data | Wind @ Surface
Scale | _ B |
Source | GFS / NCEP / US National Weather Service

@ UsTAV GEOGRAFIE
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Monitoring globalneho pocasia :
integracia dat z mnohych satelitov @ USTAV oOGRAFE

Obsah prachovych casticv at...co.c. o

Date | 2017-05-07 20:00 Local

Wind @ Surface + Dust Extinction (
B |

e | GEOS-5 / GMAQO / NASA

https://earth.nullschool.net

Rovnaky Cas ako na
predchadzajucom slide
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cka fakulta UPJS v Kodiciach
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Druzice NOAA-20, Suomi NPP, Terra a Aqua, denny zaznam

Teplotne anomalie, Ukrajina
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TROPOspheric Monitoring Instrument (TROPOMI), druzica SENTINEL 5P od 2017 ol VHOSICIACH
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Lesny poZiar v Ceskom
Svajciarsku, 28. jul 2022.

Koncentracia oxidu
uholnatého (CO) v
milimoloch, v stlpci

atmosféry na 1 m?.
Spektralne pasmo “ o

2,34 mikrometra

| - | 2022-07-28 | + | 0 CO Total Column [ mmol/m2 ] 70

TROPOMI data © KNMI/SRON/DLR/BIRA/RAL/NSO/ESA. Map data © OpenStreetMap
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Monitoring povrchu ladovcov
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ST I Priroclovedecka fakulta UPJS v Kodiciach
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Co teda je DPZ?



DPZ veda, ktora sa venuje ziskavaniu
. pﬁ@ﬁ informacii o objektoch alebo javoch na Zemi,
bez priameho fyzického kontaktu so Zemou.

Suborbital
=l platform
\Remote sensing
instrument
H F e
altitude above Do not touch
ground level
(AGL) ;
, p
stantaneous-

field-of-view (IFOV)
of the sensor system

Object, area, or
materials within the
ground-projected [FOV

| «<—D —>]

diameter of the
ground-projected IFOV Jensen, 2006 .




Princip DPZ

blue band
(450 — 515 nm)

Hlavnym principom je zaznam elektromagnetického - |
Ve . s . rv e s . 4 . 7 green ban ol B
Ziarenia, ktoré objekty odrazaja alebo sami vyzaruju (525-605 nm) g

v jednom alebo vo viacerych ¢astiach iy band /
elektromagnetického spektra (640690 nm) gy
(v spektralnych pasmach)

- near-infrared
(750 -900 nm)
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Obr. 8.1: Spektrum elektromagnetického Ziarenia.
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Obr. 8.1: Spektrum elektromagnetického Ziarenia.

EMG 7ziarenie tak mozno
charakterizovat' vlnovou dizkou (1), frekvenciou (v) amplitidou vlnenia (E) a hybnostou (p).
Vinova dizka je vzdialenost, v priebehu ktorej sa tvar viny zopakuje a meria sa v metroch,
najcastej$ie v nanometroch (nm, 10” m) alebo v mikrometroch (um, 10° m). Frekvencia definuje
pocet opakovani viny za sekundu a meria sa v hertzoch (Hz). Amplitida energie EMG viny
(intenzita) je rozdiel medzi nulou a extrémnymi hodnotami energie jednej viny. Energia sa vyjadruje
sa v jouloch (J) alebo elektronvoltoch (el)). Okrem energie ma EMG vlnenie aj hybnost’ (p), ¢o je
typicka vlastnost’ ¢astic. Rychlost’ Sirenia sa EMG Ziarenia vo vakuu je konstantna (¢ = 299 792 458

m.s™). Vzt'ahy medzi jednotlivymi veli¢inami st nasledovné:

A=clf; f=c/i E =h.f; E=h.c/ ; p=E/c, p=h.flc; p=h/ 4.

Pri¢om h je Planckova konstanta 6,6260689633.107* J.s alebo 4,1356673310.10°"° eV.s.




Princip DPZ

L/ W10
Zakladnyj/poludniki
. v

Zaznamenané hodnoty
odrazenej/vyZiarenej energie su
zapisané a priradené v zemepisnom
suradnicovom systéme.

Vznikaju geografické informacie
pouzitelné pre GIS.

=/ Orbital
o7 platform

: Suborbital
platform

/ \ \ Remote sensing
instrument

1 /
altitude above
ground level / \
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/ P \ instantaneous-
field-of-view (IFOV)
/ of the sensor system

Object, ared, or
materials within the
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diameter of the
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Pasivny a aktivnhy DPZ

W
&

Passive Remote Sensing Active Remote Sensing




Aktivny a pasivny DP/

Pasivny DPZ

zaznamenavanie elektromagnetického ziarenia
vyziareného SInkom a odrazeného od zemského
povrchu a objektov na nom

» Metddy DPZ: fotogrametria, multispektralne a
hyperspektralne snimanie/skenovanie

zaznamenavanie elektromagnetického ziarenia
vyZiareného zemskym povrchom a objektov na
nom

« Metddy DPZ: termalne snimanie

NevyZaduje vlastny zdroj energie

Aktivny DPZ

zaznamenavanie vlastného elektromagnetického ziarenia odrazeného
od zemského povrchu a objektov na nom;

nezavislé na Sinku ako zdroji energie pre snimanie,

avsak vyzaduje vlastny zdroj energie (narocnejsi na
spotrebu elektrickej energie, ale nezavisly na pocasi, dni/noci)

zachytava Specifické vlastnosti objektov, kt. nemozno urcit pasivnym DPZ
Metddy DPZ: radar, lidar,

sonar (aktivna metdda, ale pouziva mechanické vinenenie
- zvuk

~

\W

Passive Remote Sensing

Active Remote Sensing




Spektra

ne pasma

Snimace (senzory) DPZ (aktivne
aj pasivne) su schopné
zaznamenat elektromagneticku
ziarenie v jednom alebo vo
viacerych pasmach spektra.

blue band
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Obr. 8.1: Spektrum elektromagnetického Ziarenia.




Zaznam pasivneho DPZ na zaklade odrazenej
viditelnej elektromagnetickej energie zo Slinka

Zem pocas dna



Zaznam pasivneho DPZ na zaklade vyziarenej viditelnej
elektromagnetickej energie z poulicnych lamp

Zem v noci

v North Korea

Pyongyang «

»
South Korea




Vyziarena dlhovinna elektromagneticka energia

Takto “svieti Zem”, vyzaruje teplo (vinové dizky 4 um a7 100 pm)

R R — g
B : 7S

Outgoing Longwave Radiation 2003-2011 (W/m?)

145 165 185 205 225 245 265 285 305 325 345



PRED POVODNAMI NA RIEKE INDUS : Sentinel 2, pasfvny zaznam, viditelné spektrum
Provincia Sindh, Pakistan, jul 2022
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PRED POVODNAMI NA RIEKE INDUS :

farby, zvyraznuja vodu
Provincia Sindh, Pakistan, ju

2022
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MONZUNOVE DAZDE, NA RIEKE INDUS : Sentinel 2, pasfvny zdznam, viditelné spektrum
Provincia Sindh, Pakistan, august 2022

< @ EO Browser % ENGLISH

W '.’,'," : W & =
e e

X a6 @niem ke
st

o Agfl
Q, Discover & Visualize = Compare X Pins

+] !

Split : 3 et

Sentinel-2 L2A: False color (Default)
Date: 2022-08-06
Lat/Lon: 27.37, 67.99 | Zoom: 10

Split position: ®e

/ e ;‘!

Neucare

' Sentinel-1 AWS-IW-VVVH: Enhanced
* visualization - radiometric terrain corrected
5 (Default)

Date: 2022-08-06

Lat/Lon: 27.37, 67.99 | Zoom: 10

Split position: .—

Sentinel-1 AWS-IW-VVVH: Enhanced
."j visualization - radiometric terrain corrected
ﬂj (Default) [Gombad
Date: 2022-08-30 Bl
Lat/Lon: 27.44, 68.31 | Zoom: 10

Split position: L D —— ey

Larfana

[il35irabad]

'
for all features

Powered by with contributions by

v3.30.1

2adhao]

O Mehralb
bt st

(e

e |
e .

g ™ ez Shefh
[Bhinia
a0

5 e saEEbre ? - o
& y 3062

ga Lat 27.5047, Lng: 67.3215 [10km |



O DAZD A R D O O adaro AZNa O dia” poa 3 aprave tarp

ot Q, larkana

Lakhi Gitilam. i Cliak
Shah by

< @ EO Browser % ENGLSH ¥ Login

Q, Discover & Visualize < Compare X Pins

m
Remove all Add all pins Split

Sentinel-2 L2A: False color (Default)
Date: 2022-08-06
Lat/Lon: 27.37, 67.99 | Zoom: 10

Split position: L

f:"’ .. | Sentinel-1 AWS-IW-VVVH: Enhanced
‘)p " visualization - radiometric terrain corrected
42 4% (Default)
Date: 2022-08-06
Lat/Lon: 27.37, 67.99 | Zoom: 10

s

- P &

Split position: L]

% 3

| Sentinel-1 AWS-IW-VVVH: Enhanced | K= »\'
o visualization - radiometric terrain corrected 36
é (Default)
Date: 2022-08-30
Lat/Lon: 27.44, 68.31 | Zoom: 10

Nasifgbad

Split position: L ]

Free sign up for all features

Sentinel Hub with contributions by ESA

S

~; Nathan Shah

W 98
SR AGY

7 ’ £
ser | Contact us | Gel

i

Sentinel Hub 5

:' . g v
flet | @ MapTiler © OpenSireetMap confributors,

S
"")_')“'li Lat: 27.1618, Lng: 66.7385




Zaznam aktivneho DPZ na zaklade odrazenej mikrovinne;
elektromagnetickej energie z radaru (radarova interferometria)

© Nemecka agentura pre letectvo a vesmir (DLR)

Dvojica satelitov TerraSAR-X v ramci misie TanDEM-X, pre tvorbu globalneho 3D
modelu zemského povrchu radarovym snimanim.
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Aktivny DPZ na zaklade odrazenej infraCervene; 72X vrosiciach
elektromagnetickej energie z laserového skenera (lidaru iz  USTAV GEOGRAFIE
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Aktivny DPZ na zaklade odrazenej infracervene;
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EMZ interaguje s atmosférou a povrchom Zeme

 V homogénnom prostredi sa EMZ $iri rovnomerne.
«  V dbsledku zmeny charakteru prostredia je EMZ:
prepustene (transmitted)

odrazené (reflected)

pohltené/absorbované (absorbed)

vznika sekundarne ziarenie

Atmospheric Layers and Constituents

A
0O, stratospheric aerosols

— 20 km
e
5
@
it
c% 15km [~ 0,, CO,, trace gases
L
>
2
2 10km [
2 8$km
=
'§ T Gas molecules (Rayleigh scattering)
< 2-3km

v ¢ ¢ H, 0, tropospheric aerosols

Terrain Surface



odrazivost materia

so— viditelné | blizke IC stredné IC
50: 1112 3’ 4 g 7
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Relativna spektralna odrazivost ] b (

|

troch r6znych typov povrchu a

relativna odrazivost' (%)
s
1

3
I 1
'\‘
AN

spektralny rozsah pasiem (1-5, g
7) multispektralneho skenera 0/ 1Y N
.. . AT\ Yodna plocha vegetacia
ETM+ na druzici Landsat 7. 5 ! — i |
05 07 0.9 11 13 15 17 1.8 2,1 23 25

vinova dizka v mikrometroch (pm)

Vyrez snimky zaznamenavajuce;
odrazivost v Cervenej (a) a v
infraCervenej Casti spektra (b)
ziskanej druzicou LANDSAT 7
senzorom ETM+ pre oblast
Uzhorodu (12 x 12km) na
slovensko-ukrajinskom pohranici
dna 15. maja 2008. Zdroj dat:
NASA/USGS




Farebny model pre zobrazovanie dat z DPZ
potrebny len pre oko cloveka, nie pre pocitac

Farebny model RGB, Farebny model CMY,
sucet dava bielu farbu. sucet dava ciernu farbu



Multispektralny zaznam druzZice LANDSAT 7 senzorom ETM+

Relativna odrazivost:

0 (nizka) 255 (vysoka)

Vizualizacia zaznamu v Styroch spektralnych
kanaloch multispektralneho skenera ETM+ na druZici
LANDSAT 7 a odvodené RGB farebné syntézy pre
oblast' Uzhorodu (12 x 12km) na slovensko-
ukrajinskom pohranici dria 15. maja 2008.

Zdroj dat: NASA/USGS

‘ ‘ ‘ zobrazovacie
kanaly

Red = kanal 3, Green =kanal 2, Blue =kanal 1 Red = kanal 4, Green =kanal 2, Blue = kanal 1

RGB farebna syntéza v prirodzenych farbach RGB farebna syntéza v nepravych farbach



Spektralne indexy: pomer medzi energiou z viacerych

spektralnych pasiem

« Uzitocne pre ziskanie informacie o spektralnych
vlastnostiach materialov na zemskom povrchu,
nezavisle od casu dna/roka.

« Pomer medzi zaznamenanou energiou 2 pasiem
eliminuje efekt rozdielneho prikonu slnecnej
energie na privratenu a odvratenu stranu.

« Na rozdiel od absolutnych hodndt odrazene)
energie, pracujeme s ich pomerom, ktory sa
nemeni pre rovnaky material/krajinnd pokryvku.

e 11/23 = 23/46 = index 0,5
- 23/23 = 46/46 =~ index 1,0

/4 N\
/A

5 14 32

Rayleigh scattering

456 45 46




Normalized difference vegetation index (NDVI) Landsat ETM+ 15 May 2008,
: , v Uzhorod, Ukraine
normalizovany vegetacny index

Band 3 (RED) 28

« Very popular in eco/geosciences
« The documented and default NDVI equation is as follows:
« NDVI = ((IR - R)/(IR + R))

— IR = pixel values from the infrared band
— R = pixel values from the red band

« This index outputs values between -1.0 and 1.0, mostly
representing greenness, where any negative values are
mainly generated from clouds, water, and snow, and
values near zero are mainly generated from rock and
bare soil.

« Very low values (0.1 and below) of NDVI correspond to
barren areas of rock, sand, or snow. Moderate values
(0.2 t0 0.3) represent shrub and grassland, while high
values (0.6 to 0.8) indicate temperate and tropical
rainforests.




Rozlisenie senzorov v DPZ

—_—

10m

BG R NIR

__| I
B |

11

Jan Feb
15 15

« Spatial - the size of the field-of-view, e.g. 10 x 10 m.

Spectral - the number and size of spectral regions the
sensor records data in, e.qg. blue, green, red, near-infrared,
thermal infrared, microwave (radar).

» Radiometric - the sensitivity of detectors to small
differences in electromagnetic energy. (8bit, 16bit)

« Temporal - how often the sensor acquires data, e.qg. every
30 days.

Jensen, 2007




Priestorové rozliSenie druzicovych snimok

50 cm 25 cm




iSenie

Spektralne roz

MULTISPECTRAL IMAGING HYPERSPECTRAL IMAGING
= Continuous spectrum

* N separated bands
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) Pixel (x, y))
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Wavelength

Intensity
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Radiometricke rozlisenie

1-bit data = 2" divisions

2 levels of brightness o

2-bit data = 22 divisions
4 levels of brightness

8-bit data = 2° divisions
256 levels of brightness

12-bit data = 2" divisions
4096 levels of brightness
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3. Analyza zmien pomocou histogramu

- spektralny index NDVI

Vegetation Reflectance AL Nt e
40% NIR 30% RED 50% NIR 8% RED

NIR - RED
NIR + RED

NDVI =

NDVI =0.14 NDVI =0.72

DEAD LEAF

Zdroj: https://www.agricolus.com



e
3. Analyza zmien pomocou histogramu

- spektralny index NDV|

26.5.2022 (pred suchom)

Normalized Difference Vegetation

&..2;;_% s ? Index (NDVI)

e AR
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G

The normalized difference vegetation index is a simple,
but effective index for quantifying green vegetation. It
is a measure of the state of vegetation health based on
how plants reflect light at certain wavelengths. The
value range of the NDVI| is -1 to 1. Megative values of
MNDVI (values approaching -1) correspond to water.
Values close to zero (-0.1to 0.1) generally correspond to
barren areas of rock, sand, or snow. Low, positive values
represent shrub and grassland (approximately 0.2 to
0.4), while high values indicate temperate and tropical
rainforests (values approaching 1).
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The normalized difference vegetation index is a simple,
but effective index for quantifying green vegetation. It
is a measure of the state of vegetation health based on
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Normalized Difference Moisture
Index (NDMI)

The normalized difference moisture Index (NDMI) is
used to determine vegetation water content and
monitor droughts. The value range of the NDMI is -1
to 1. Negative values of NDMI [values approaching
-1} correspond to barren socil. Values around zero
(-0.2 to 04) generally correspond to water stress,
High, positive values represent high canopy without
water stress (approximately 0.4 to 1).
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CASOVA SERIA - VYMIZNUTIE ARALSKEHO JAZERA
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4. Vizualizacia zmien pomocou casovej rady
(oblast AralskehOJazera pre obdobie 1999 - 2022, snlmky z druzice Landsat 7
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MONITOROVANIE ZNECISTENIA OVZDUSIA

V SEVERNOM TALIANSKU POMOCOU SENTINEL-5
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