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Metdédy dialkového prieskumu Zeme (6 kreditov)
2 prednasky / 2 cvicenia
prednasky

Uvod, z&kladné pojmy, histéria, DPZ. Elektromagnetické Ziarenie, elektromagnetické spektrum,
radiometrické/fotometrické veliciny. Rozdelenie metdd DPZ, rozlisovacia schopnost snimacov v DPZ.

Interakcia elektromagnetického Ziarenia s prostredim, odraz, rozptyl, absorpcia, vplyv atmosféry.

Spektralne spravanie objektov v krajine, ich identifikacia a hodnotenie, spektralne krivky

Pasivne systémy: Fotogrametria. Principy merania, mierka snimky, aerotriangulacia, typy a vlastnosti kamery,
vlastnosti snimky

Pasivne systémy: Fotogrametria. orientacia snimok, ortorektifikacia, 3D vektorizacia
Pasivne systémy: Fotogrametria. aplikacie

priebeZzné hodnotenie - test1

Pasivne systémy: Multispektralne a Hyperspektralne skenovanie.

Pasivne systémy: Termalne snimanie

Aktivne systemy: Letecké a pozemné laserové skenovanie (lidar). Laserove ziarenie, fyzikalne odliSnosti,
principy merania, zdroje dat na webe.

Aktivne systemy: Letecké laserové skenovanie (lidar). Planovanie misie, vlastnosti dat, Udajovy standard LAS,
aplikacie.

Aktivne systémy: Radarové snimanie.

Aktivne systemy: Sonar

priebeZzné hodnotenie - test2
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Metddy dialkového prieskumu Zeme

2 prednasky / 2 cvicenia

prednasky

Uvod, zakladné pojmy, histéria, DPZ. Elektromagnetické
Ziarenie, elektromagnetické spektrum,
radiometrické/fotometricke veliCiny. Rozdelenie metéd
DPZ, rozliSovacia schopnost snimacov v DPZ.

Interakcia elektromagnetického ziarenia s prostredim,
odraz, rozptyl, absorpcia, vplyv atmosféry.

Spektralne spravanie objektov v krajine, ich identifikacia a
hodnotenie, spektralne krivky

Pasivne systémy: Fotogrametria. Principy merania, mierka
snimky, aerotriangulacia, typy a vlastnosti kamery,
vlastnosti snimky

Pasivne systémy: Fotogrametria. orientacia snimok,
ortorektifikacia, 3D vektorizacia

Pasivne systémy: Fotogrametria. aplikacie

priebezné hodnotenie - test1
Pasivne systémy: Multispektralne a Hyperspektralne
skenovanie.

Pasivne systémy: Termalne snimanie

Aktivne systémy: Letecke a pozemneé laserové skenovanie
(lidar). Laserove ziarenie, fyzikalne odlisSnosti, principy
merania, zdroje dat na webe.

Aktivne systémy: Letecke laserové skenovanie (lidar).
Planovanie misie, vlastnosti dat, Udajovy Standard LAS,
aplikacie.

Aktivne systémy: Radarové snimanie.
Aktivne systémy: Sonar
priebezné hodnotenie - test2
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Zdroje DPZ Udajov na webe, vytvorenie konta v
earth.explorer (USGS), vyhladavanie L8 OLI dat pre
zvolené Uzemie, stiahnutie dat, otvorenie v ArcGlS,

metadata, zistit rozlisenie (geom., rad., spekt., temp.) Mgr.

Vypocty a prevody medzi vinovou dfzkou, frekvenciou a
energiou ziarenia, prepocty dvoch hodnét DN do

RADIANCE a REFLECTANCE pre L7/L8/Sentinel 2 Mgr.

Farebné syntézy - prave a nepravé, radiometrické
korekcie - vyrovnanie histogramu, pansharpening,

konverzie z DN na Radiance a Reflectance (TOA) Magr.

Tvorba fotogrametrického projektu vo Photomode
(vnutorna, vzajomna, vonkajsia orientacia digitalnych

snimok) zostavenie stereomodelu, 3D okuliare. Mgr.

Fotogrametricky zber dat: 3Dvektorizacia (budovy, break

lines), automaticka tvorba DSM, DMR, ortorektifikacia. ~ Mgr.
samostatna praca Mgr.
Data L8, klasifikacia obrazu, riadena, vyhodnotenie

presnosti (kappa index, commission/omission error Mgr.
Data L8, klasifikacia obrazu, neriadena, vyhodnotenie
presnosti (kappa index, commission/omission error Mgr.
Prevod DN na TOA temperature L8 TIRS snimok Mgr.
Lastools: info o datach a pre-processing Mgr.

Lastools: filtrovanie klasifikacia, tvorba vystupov

DMR/DSM/DCHM, vrstevnice, hillshade Mgr.
Ukazka dat Sentinel 1, letecké INSAR data a porovnanie s

ortofoto a lidarom Mgr.
Ukazky batymetrickych dat, model morského dna Mgr.

samostatna praca Mgr.
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Orbital
platform

Suborbital
platform

Remote sensing
instrument

altitude above

ground level
(AGL)

B

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

Object, area, or
materials within the
ground-projected IFOV

| «—D —|

diameter of the
ground-projected [FOV

DPZ zariadenie ziskava informécie o
objekte alebo jave, kt. je v jeho
okamzitom zornom poli bez priameho
fyzického kontaktu s nim.

A remote sensing instrument collects
information about an object or
phenomenon within the instantaneous-
field-of-view (IFOV) of the sensor system
without being in direct physical contact
with it. The sensor is located on a
suborbital or satellite platform.




The process of remote sensing
Proces vzniku dat DPZ a ich aplikacia

B CCRS I CCT

1. Energy Source or Illlumination (A) - the first requirement for
remote sensing is to have an energy source which illuminates or
provides electromagnetic energy to the target of interest.

2. Radiation and the Atmosphere (B) - as the energy travels
from its source to the target, it will come in contact with and
interact with the atmosphere it passes through. This interaction
may take place a second time as the energy travels from the
target to the sensor.

3. Interaction with the Target (C) - once the energy makes its
way to the target through the atmosphere, it interacts with the
target depending on the properties of both the target and the
radiation.

4. Recording of Energy by the Sensor (D) - after the energy has
been scattered by, or emitted from the target, we require a
sensor (remote - not in contact with the target) to collect and
record the electromagnetic radiation.

5. Transmission, Reception, and Processing (E) - the energy
recorded by the sensor has to be transmitted, often in
electronic form, to a receiving and processing station where the
data are processed into an image (hardcopy and/or digital).

6. Interpretation and Analysis (F) - the processed image is
interpreted, visually and/or digitally or electronically, to extract
information about the target which was illuminated.

7. Application (G) - the final element of the remote sensing
process is achieved when we apply the information we have
been able to extract from the imagery about the target in order
to better understand it, reveal some new information, or assist
in solving a particular problem.



Vznik elektromagnetického ziarenia
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Foton elektromagnetickej energie je emitovany
z atomu, ked elektron v atome alebo molekule
prejde z vyssej energetickej hladiny (stavu) do
nizSej energetickej hladiny (stavu).

VlyZiarend energia (vinovéa dizka EMZ) je
funkciou energetickeho rozdielu tychto hladin.
Zahriatim hmoty na urcité (vysoké) teploty sa

mo&zu uvolnit elektrony, ktoré su inak viazané v
orbitaloch a nevyzaruju energiu.

Uvolnenim elektronu vznika atom s nabojom,
teda ion. Ak iny volny elektron zaplni uvolneny
orbital i6nu, uvolni sa pri tom energia vsetkych
vinovych dizok, teda spajité spektrum energie.
SInko vdaka teplom intenzivne ohrievanemu
slne¢nému povrchu takto produkuje spojité
spektrum energie.
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Inverse Relationship between Wavelength and Frequency
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Vinovy model elektromagnetickej energie

Elektromagneticka energia sa
prejavuje ako vinenie elektrického a
magnetického pola.

Vinova dizka elektromagnetického
ziarenia je nepriamoumerna jeho
frekvencii; s narastajucou vinovou
diZkou (lambda) klesa frekvencia
vinenia (f);

Amplitida elektromagnetickej viny
je vyska maxima viny nad jej
minimom.

Frekvencia ziarenia (vinenia) je dana
poctom maxim viny, ktoré prejdu
miestom merania za sekundu.

Je to pocet cyklov vinenia za
sekundu vyjadreny v hertzoch (Hz).
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Obr. 8.1: Spektrum elektromagnetického Ziarenia.

EMG Ziarenie tak mozno
charakterizovat’ vlnovou dizkou (), 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’ castic. Rychlost’ sirenia sa EMG Ziarenia vo vakuu je konstantna (¢ = 299 792 458

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

L =c/f; f=c/i E =hf; E=h.c/ 4, p=E/c; p=h.flc, p=h/ 4.

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




Interakcia EMZ s prostredim

V homogénnom prostredi sa EMZ $iri rovnomerne.
V désledku zmeny charakteru prostredia je EMZ:

« prepustené (transmitted)

* odrazené (reflected)

« pohltené/absorbované (absorbed)

« vznika sekundarne ziarenie




Interakcia EMZ s prostredim
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Aktivny a pasivny DPZ

Pasivny DPZ Aktivny DPZ

« zaznamenavanie elektromagnetického ziarenia .
vyziareného Sinkom a odrazeného od zemskeho
povrchu a objektov na nom

zaznamenavanie vlastneho elektromagnetického
Ziarenia odrazeného od zemského povrchu a
objektov na nom;

+ Metddy DPZ: fotogrametria, multispektralne a .

- nezavislé na SInku ako zdroji energie pre snimanie,
hyperspektralne skenery

» avSak vyzaduje vlastny zdroj energie (narocnejsi na

* zaznamenavanie elektromagnetického ziarenia spotrebu elektrickej energie)

vyziareného zemskym povrchom a objektov na
Aom » zachytava Specifické vlastnsoti objektoy, kt.

, , . Nemozno urcit pasivnym DPZ
* Metody DPZ: termalne snimanie

. , . . *  Metody DPZ: radar, lidar, sonar
« Nevyzaduje vlastny zdroj energie

\Va

Passive Remote Sensing Active Remote Sensing

\

@"\




/aznam pasivneho DPZ na zaklade odrazene]
viditelnej elektromagnetickej energie

Zem pocas dna




/aznam pasivneho DPZ na zaklade vyziarene]
viditelnej elektromagnetickej energie

Zem Vv noci
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/aznam aktivneho DPZ na zaklade vyziarene
mikrovinnej elektromagnetickej energie radarom

© Nemecka agentura pre letectvo a vesmir (DLR)

Dvojica satelitov TerraSAR-X'v ramci misie TanDEM-X, pre tvorbu globalneho
3D modelu zemskeho povrchu radarovym snimanim.



Spektralne pasma

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

T

blue band
(450 — 515 nm)

green band
(525-605 nm) &

red band e s
(640 — 690 nm) g GE &

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

SInko generuje spojité
spektrum elektromagneticke)
energie od gamma lucov po
radiove viny, ktoré neustale
zaplavuje Zem energiou.

Tuto energiu mozno vyjadrit
vinovou diZkou Ziarenia, ktora
sa meria v nanometroch,
mikrometroch alebo v
elektronvoltoch (eV).

Viditelné svetlo je iba cCastou
spektra vyzarovanej energie v
rozsahu vinovych dizok (380
nm— /740 nm, 0,38 = 0,74 um)




Multispektralne
snimanie

Pasivha metoda DPZ
UMozZNujuca
zaznamenat
elektromagneticke
zZiarenie vo viacerych
pasmach spektra.

Landsat Multispectral Scanner (MSS)

Near-
infrared

G [HNIR

1 band 4

2 K
T T

04 05 06 07 08 09 1.0
Positive Systems ADAR 5500

1.1

G| | NIR

3

4

LI I

| 5 B L

Ll

04 05 06 07 08 09 1.0

1.1

Wavelength, um

a. Nominal spectral resolution of the
Landsat Multispectral Scanner and Positive
Systems ADAR 5500 digital frame camera.

= SRETIRY

c. Single band of ADAR 5500 data

Intensity

<+——— near-infrared
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b. Precise bandpass measurement of a detector based
on Full Width at Half Maximum (FWHM) criteria

blue band
(450 — 515 nm)

green band
(525 - 605 nm)

red band
(640 — 690 nm)

(750 — 900 nm)

d. Multispectral remote sensing

| Jensen, 2007 I




Hyperspektralne snimanie

Pasivna metdda DPZ
umoznujuca zaznamenat
elektromagnetické ziarenie
vo velkom mnozstve
spektralnych pasiem, ktoré
maju uzky rozsah.

Farebné kompozicia
odrazivosti v infracervenom
pasme na vrchu datovej
kocky pozostavajucej zo
zaznamu elektromagneticke;]
energie v 224 spektralnych
pasmach

sirokych 10 nm.

Sullivan’s
[sland

wetland
, 400 nm

1400 nm

1900 nm

224 bands

v 2500 nm

Near-infrared image on
top of the datacube is
Just one of 224 bands at

10 nm nominal bandwidth

Airborne Visible Infrared Imaging Spectrometer (AVIRIS) Datacube of
Sullivan’s Island Obtained on October 26, 1998 (Jensen, 2007)




Spectral bands of the Landsat and SPOT sensors

SPOT
High Resolution
Visible (HRV)
Sensor

N Landsat
car- Multispectral
NIR INliv:iac e Scanner (MSS)

3 band 4

Spatial Resolution, m

05 6 7 8 9 10 1.1
Wavelength, um

| Jensen 2007 I



Podstata multispektralneho zaznamu

« Kazdy rozsah vinovej dizky (pasmo) v satelitnom zazname bol zvoleny z urcitého

dovodu.

» Niektoré pasma boli zvolené pre mapovanie vegetacie, iné pre geologicke
mapovanie, iné pre mapovanie teploty povrchu, alebo mapovanie dna plytkych
vad.

. Spectral Reflectance of Selected Materials e \/| aboratémych
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Podstata multispektralneno zaznamu

Sadrovec a ilovy mineral kaolinit su
charakterizovane vysokou odrazivostou vo
viditelnej (TM band 1, 2, 3) a blizkej
infracervenej (TM band 4) a absorpciou
Ziarenia v strednom infracervenom pasme
(TM band 5). Pasmo 7 senzora TM je
sustredené v tjeto oblasti pohltenia EMG
ziarenia obomi mineralmi.

Horniny s vysokym obsahom hematitu a
zeleza maju najvyssiu odrazivost v strednom
infracervenom pasme (TM band 5, 7) a najviac
pohlcuju ziarenia v modrom (TM band 1) and
v ultrafialovom pasme.

Zelena travnata vegetacia ma najvyssiu
odrazivost v blizkom infracervenom pasme
(TM band 4) a najviac absorbuje ziarenie v
Cervenej Casti spektra.

Na zaklade spektralnych vlastnosti vieme
spolahlivo odlisit jednotlivé typy pldch na
multispektralnom zazname.
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Sensors on-board the Landsat satellites

Landsat 1 -3 satellites
equiped with the MultiSpectral Scanner (MSS)

Landsat 4 -5 satellites
In addition to MSS they were equiped with the
Thematic Mapper (TM) scanner

TM Bands
MSS Bands
Band Number {L1-L3)  Band Number{L4-L5)  pm Resolution* Band Number  pm Resolution
4 ~ 2 (0.52-0.60 pm) 05-0.6 BEmX83m 1 0.45-052  30m
5 ~ 3 (0.63-0.69 pm) 0.6-0.7 BEmX83Im 2 0.52-0.60 30m
& ~ 4 (0.76-0.90 pm) 0.7-0.8 BEmX&83m 3 0.63-0.69 30m
7 ~4 0.8-1.1 BEmX83m 4 0.76-090 30m
8 ~ 6 (2.08-2.35 ym) 10.41-12.6 BEmX83m 5 1.55-1.75 30m
B 104125  120m
7 208235 30m
Landsat 7, Enhanced Thematic Mapper plus Landsat 8, Operational Land Imager
and Thermal InfraredSensor
ETM+ Bands
OLI Bands
Band Number i Resolution Band Number am Resolution
1 0.45-0.515 30m 1 0.433-0453  30m
2 05250605 30m 2 0.450-0515  30m
3 0.63-0.69 30m 3 05250600 30m
4 0.75-0.90 30m 4 0.530-0680 30m
5 1.55-1.75 30m 5 0.845-0885 30m
& 104125 B0 m B 1560-1.660 6Om
7 2.09-2.35 30m 7 2100-2.300  30m
8 0.52-0.9 15m 8 0.500-0.680  15m
g 1360-1390  30m
TIRS Bands
Band Number Hm Resolution
10 10.6-11.2  100m

™ 115125 100 m



Kombinacie pasiem LANDSAT Thematic Mapper

Thematic
Mapper
(TM)

Landsat
4-5
Band 1
Band 2
Band 3
Band 4
Band 5
Band 6
Band 7

Wavelength
(micrometers

)
0.45-0.52

0.52-0.60
0.63-0.69
0.76-0.90
1.55-1.75
10.40-12.50
2.08-2.35

« Campbell et al. (2010)
* http://web.pdx.edu/~emch/ipl/bandco

mbinations.html

Resolution
(meters)
30

30

30

30

30

120* (30)
30

321: kompozicia v pravych farbach.

432: kompozicia v nepravych farbach s pouzitim blizkeho infracerveného pasma.
Vegetacia sa javi v odtienoch cervengj, zastavané plochy v tyrkysovej az modrej, pody
sa javia od tmavo po svetlohnedu. Ihlicnaté stromy sa javia tmavsie Cervené ako
listnaté stromy. VSeobecne syte Cervené odtiene indikuju sirokolisté rastliny, zdravé
rastliny. SvetlejSie odtiene Cervenej indikuju travnaté porasty a riedko vegetaciou
porastené plochy. Tato kombinacia je Casto pouzivana pre monitoring stavu plodin,
vihkost pody.

742: kompozicia vyuziva jedno pasmo z viditelnej Casti spektra, jedno z blizke;]
infracervenej Casti a jedno zo strednej infracervenej Casti. Zobrazuje scénu v
nepravych farbach, avsak spdsobom podobnym ich prirodzenemu vzhladu. Zdrava
Ziva vegetacia sa javi vo svetlych odtienoch zelenej, odkryta pdda/zemina ruzovo,
sucha vegetacia a riedko porastené plochy sa javia oranzovo az hnedo, otvorena
vodna ploche na modro. Tato kompozicia sa casto pouZiva v geologickych aplikaciach
pre suché/pustne oblasti, kedze rézny typy pdd/hornin sa javia odlisSne. Taktiez sa
pouZiva v polnohospodarstve, lesnictve, v analyze horiacich a spalenych oblasti.

451 Kompozicia vyuziva blizke infracervené, stredné infracervené a modré pasmo.
Hlboka, nezakalena voda sa javi velmi tmavo, plytka alebo zakalena voda sa javi v
odtienoch svetlomodrej. Vegetacia je zobrazena v oranzovych, hnedych a cervenych
odtienoch. Zelena a hneda Casto reprezentuje odkrytl pédu .Biela, tyrkysovéa a Seda
reprezentuju vacsinov zastavaneé urbaizované plochy.

754: kompozicia pouziva odrazivost mimo viditelnej casti spektra (vacsie vinove
dizky), ktoré je menej citliva na atmosféricky rozptyl. Pobrezné ciara je jasne a ostro
odliSitelna, velmi dobre mozno posudzovat vihkost odkrytej pody a mineralogické
vlastnosti povrchu bez vegetacie. Kompozicia sa preto pouziva pre geologické
aplikacie.

543: Okraje vodnej plochy ostro vynikaju. Zvyraznené su rozdiely medzi réznymi
typmi vegetacie a ich stavu (fenologického, zdravotného) v odtienioch hnedej, zelenej
a oranzovej. Kompozicia je vhodna pre analyzu vihkosti pddy a celkovo obsahu vody
na povrchu, vratane vegetacie, Co je vhodné pre sledovanie jej kondicie.



Rozlisenie senzorov v DPZ

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

10 m

« Spectral - the number and size of spectral regions the
.:- sensor records data in, e.q. blue, green, red, near-infrared,

BG R NR | thermal infrared, microwave (radar).

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

‘ | « Temporal - how often the sensor acquires data, e.g. every

Jan Feb 30 days.
15 15

Jensen, 2007



(a) vefkost pixla 30 m (b) velkost pixla 15 m (c) velkost pixla 15 m

Obr. 8.8: Ukazka zaostrenia satelitnej snimky pomocou pocitacovej operdcie ,, pan-sharpening ** pre
juhozdpadnu cast Kosic s obchodnou zonou (2 x 2 km) zachytenu multispektralnym skenerom OLI
na druzici LANDSAT 8 diia 28. marca 2014. Vysvetlivky su uvedené v texte. Zdroj dat: NASA/USGS



Radiometrické rozlisenie

1-bit data = 2' divisions
2 levels of brightness
o

2-bit data = 22 divisions
4 levels of brightness

4-bit data = 2* divisions
16 levels of brightness

8-bit data = 22 divisions
256 levels of brightness

12-bit data = 2" divisions
4096 levels of brightness




4 urovne (2 bitova stupnica) 2 urovhe (1 bifoVa stupnica)
Obr. 8.10: Porovnanie réznych urovni radiometrického rozliSenia v odtiefioch Sedej pre

zadznam odrazivosti v panchromatickom pasme (520 - 900 nm) zachytenom pomocou

senzora ETM+ na druzici LANDSAT 7 s priestorovym rozliSenim 15 m. Oblast mesta

UZhorod (7x12 km) na slovensko-ukrajinskom pohrani€i dfia 15. maja 2008. Zdroj dat:
NASA/USGS



iSenie snimania (opakovanie)

Casové rozl

e

100 rokov — .
geoldgia
geodézia
a kartografia lesnicivo
10 rokov —
vyuZitie zeme
krajinna pokryvka klimatologia
doprava
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siete,
infrastruktara
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plodin
a ich vynosu
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8 hodin _| AL
manazZment
+
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priestorové rozlisenie zaznamu



Porovnanie

http://www.bom.gov.au/australia/satellite/himawari.shtm

Himawari-8 and -9

®
\ BOM ,

Himawari-8: Facts and figures o 4

Bozrietneskor = Zdielat:

- 2

£ Himawari-8 satellite

-~ | Facts and figures

. VIAC VIDEI

. —

P o) 002/207 B & Youlube @



http://www.bom.gov.au/australia/satellite/himawari.shtml

Colour theory




Colour theory and band composites

 In order to view the recorded reflectance by the sensors, the reflectance
in particular spectral band is displayed on the monitor using the RGB
colour model (through red, green and blue channels RGB)

« The colourful effect is achieved in our brain by percieving different
combinantion of intensity values via the RGB channels.

white light
B G R B G R B G R B G R B G R
1« | | «w | | | | | w | |
Y ellow Y ellow Y ellow
Cyan Cyan
v Y Y YUY
G R B G R

D. Colors in the Positive Transparency Viewed by the Photo-interpreter

blue - the green - the red - the
complementary complementary complementary
color of vellow  color of magenta color of cvan




Zaznam v troch vybranych spektralnych pasmach multispektralneho
senzoru MSS na druzici LANDSAT 3

Odrazivost v zelenom pasme v cervenom v infracervenom (NIR/CIR)

Farebna kompozicia (syntéza)
RGB (monitor) = NIR, red,

green
| Jensen, 2007/ I




Relativha spektralna odrazivost fic| YORGITG | DR S HigIc

troch réznych typov povrchu eo-| IHIEII [ B~

V4 , ) e
a spektralny rozsah pasiem (1-5, <
7) multispektralneho skenera & 2l / PN
ETM+ na druZici Landsat 7. 5 907
o] /"
S 20 |A
z " (M
= 10"‘/ \l \ g
~ ) /Odn? plocha vegetacia

0 I 1 I 1 I I | ] I T
05 07/ 098 11 13 15 17 19 21 23 25

vinova dizka v mikrometroch (pm)

Vyrez snimky zaznamenavajucej
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
dria 15. maja 2008. Zdroj dat:
NASA/USGS




Multispektralny zaznam druzice 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

¥y

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



Band ratios (index)

Band ratios are useful for extracting information purely based on
spectral properties of the earth surface.

The ratio of two bands removes much of the effect of illumination (e.qg.
shadows) in the analysis of spectral differences.

This is possible because the composition differences between two
geologic units (here limestone, which is "grey white" in RGB321, and "red
bed" which is red in RGB321)

determine the ratio of any two
bands, whereas the illumination
determines the magnitude of
reflectance received by

the satellite sensor

(recorded as the digital number,
DN, usually 0-255).




Band ratios (index) example Landsat ETM+ 15 May 2008,
Normalized difference vegetation = Uzhorod, Ukraine
index (NDVI) Band 3 (REC w

« 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 to 0.3)
represent shrub and grassland, while high
values (0.6 to 0.8) indicate temperate and
tropical rainforests.




Farth observation satellites

« There are thousands of satellites
dedicated to different purposes
(telecomunication, navigation,
observation, military, biomonitoring)

« From th remote sensing point of
view the Earth observation satellites
are the most important.

« See the list:
http://en.wikipedia.org/wiki/List of E
arth observation satellites

« Most relevant for geology:

— LANDSAT, SPOT, ASTER, ERS,
EOS, GEOS, AVHRIS,
RADARSAT, GEOEYE, NOAA,
ENVISAT, ...



http://en.wikipedia.org/wiki/List_of_Earth_observation_satellites

LANDSAT program

For over 40 years, the Landsat program has collected spectral information from Earth’s
surface, creating a historical archive unmatched in quality, detail, coverage, and length.

Instrument = Picture & Launched #+  Terminated =
| | Landsat 4

Landsat 1 July 23, 1972 | January 6, 1978
Landsat 5
Landsat 6
Landsat 2 March 5, 1978 | January 22, 1981 Landsat 7
Landsat 3 March 5, 1978 | March 31, 1983 Lot &

December 14,

July 16, 1982
1993

March 1. 1984 | June 5. 2013

October 5, 1993 October 5, 1993

| April 15, 1999 Still active

February 11,
2013

Still active




Sensors on-board the Landsat satellites

Landsat 1 -3 satellites
equiped with the MultiSpectral Scanner (MSS)

Landsat 4 -5 satellites
In addition to MSS they were equiped with the
Thematic Mapper (TM) scanner

TM Bands
MSS Bands
Band Number {L1-L3)  Band Number{L4-L5)  pm Resolution* Band Number  pm Resolution
4 ~ 2 (0.52-0.60 pm) 05-0.6 BEmX83m 1 0.45-052  30m
5 ~ 3 (0.63-0.69 pm) 0.6-0.7 BEmX83Im 2 0.52-0.60 30m
& ~ 4 (0.76-0.90 pm) 0.7-0.8 BEmX&83m 3 0.63-0.69 30m
7 ~4 0.8-1.1 BEmX83m 4 0.76-090 30m
8 ~ 6 (2.08-2.35 ym) 10.41-12.6 BEmX83m 5 1.55-1.75 30m
B 104125  120m
7 208235 30m
Landsat 7, Enhanced Thematic Mapper plus Landsat 8, Operational Land Imager
and Thermal InfraredSensor
ETM+ Bands
OLI Bands
Band Number i Resolution Band Number am Resolution
1 0.45-0.515 30m 1 0.433-0453  30m
2 05250605 30m 2 0.450-0515  30m
3 0.63-0.69 30m 3 05250600 30m
4 0.75-0.90 30m 4 0.530-0680 30m
5 1.55-1.75 30m 5 0.845-0885 30m
& 104125 B0 m B 1560-1.660 6Om
7 2.09-2.35 30m 7 2100-2.300  30m
8 0.52-0.9 15m 8 0.500-0.680  15m
g 1360-1390  30m
TIRS Bands
Band Number Hm Resolution
10 10.6-11.2  100m

™ 115125 100 m



Landsat 7 April 15, 1999 Still active

Landsat 7, Enhanced Thematic Mapper plus

ETM+ Bands
Band Number pm Resolution 60| viditelné | blizke IC stredné IC
1 0450515  30m 1 [lf2|l3] | 4 5 7
s O] 1 TN~
2 0525-0605 30m gl /h \J [
& poaa
3 0.63-0.69 A0 m B 40 |
4 0.75-0.90 30 m B s & o
5 1.55-1.75 30m = 1[I
£ 204 L1
B 10.4-12.5 B0 m £ /\
7 2092235 30 m a w-/:*F }E,eta-cia
—A dna ploch i
3 0.52-0.9 15 m LTI ™"
| 1 I 1 I | 1 I

05 07 08 11 13 15 1.7 198 21 23 25
vinova diZzka v mikrometroch (um)




priestorové rozlisenie [m]

08m 4 |  panchrom.
; i IKONOS
Am I M|Z|C||BE
1.5m $ | panchrom.
. 5 SPOT6& 7
6m M|Z|lC BIC
LANDSAT 7 Enhanced Thematic Mapper (ETM+)
15 m 3 | panchrom. .
60 m Termalne 1C
30m I M|Z|| C| |BIC sIC sIC
A
120 m ) )
LANDSAT 4 a 5 Thematic Mapper (TM) Henrz iz U5
30m I M([Z||C| |BIC SIC SIC
Y
LANDSAT 1-5 Multispectral Scanner (MSS)
9m M|z |C BIC

04 05 06 0,7 0,8 09 1

1,1 1,55

1752 21 22 23 24 10 11 12

vinova dizka v mikrometroch [um]



Online data resources

* https://Ipdaac.usgs.gov/data access
— http://glovis.usgs.gov/
— http://earthexplorer.usgs.gov/
— SRTM https://Ita.cr.usgs.gov/SRTMZ



https://lpdaac.usgs.gov/data_access
http://glovis.usgs.gov/
http://earthexplorer.usgs.gov/
https://lta.cr.usgs.gov/SRTM2

Active remote sensing

The most widely used active remote sensing systems include:

« active microwave (RADAR), based on the transmission of long-
wavelength microwaves (e.g., 3 — 25 cm) through the atmosphere
and then recording the amount of energy back-scattered from the
terrain;

* LIDAR, which is based on the transmission of relatively short-
wavelength laser light (e.g., 0.90 mm) and then recording the
amount of light back-scattered from the terrain; and

« SONAR, which is based on the transmission of sound waves
through a water column and then recording the amount of energy
back-scattered from the bottom or from objects within the water
column.



Topograficky LIDAR, laserova altimetria

* Velmi efektivna technologia pre zber polohovo
lokalizovanych informacii s vysokou presnostou a
vysokym priestorovym rozlisenim

* Vyuziva sa hajma pre mapovanie vysky
objektov (terén, vegetacia, budovy,
elektrické vedenie, apod.)




Diskétne a ,full waveform” lidarové snimanie

Quantized Quantized

discrete full-waveform
echo recording echo recording

A
Emitted pulse | Returned echoes

il

awi|

: » Tree echo >
| .
Bush and | Echo
terrain echot= Width
’ '

A\

Amplitude
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Digitalny model terénu (reliéfu) (DMR) Digitalny model povrchu krajinného krytu
(Digital Surface Model)
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Normalizovana vysSka (vySka bodov nad terénom) Body s priradenou farbou podla ortofotosnimky
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online at usf.edu/ijs
.0. International Journal of Speleology A Elevation [m a.S.l]
445

“IE Official Journal of Union Internationale de Spéléologie

Large-scale and high-resolution 3-D cave mapping

by terrestrial laser scanning: a case study of the

Domica Cave, Slovakia

Michal Gallay", Jan Kanuk!, Zdenko Hochmuth', John D. Meneely?, Jaroslav Hofierka',
and Vladimir Sedlak!

UInstitute of Geography. Faculty of Science, Pavol Jozef Safrik University in Kosice, Jesenna 5, 04001 Kosice, Slovak Republic
“School of Geography, Archaeology and Palacoecalogy, Queen’s University Belfast, BT7 INN Belfast, UK
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-1 266 000

Table 3. Summary statics of differences between corresponding
targets used in the registration of point clouds acquired from

(o

individual scanner positions.

Measured variable Value E
Scanner positions (count) 327 8
Sum of matched targets (count) 1,690 S
Minimum difference (mm) 0.07 -
Mean difference (mm) 1.98
Maximum difference (mm) 6.60
Standard deviation of differences (mm) 1.04
Root mean squared difference (mm) 2.24




Further reading

» Jensen R. (2007). Remote Sensing: An Earth
Resources Perspective

« Campbell, Wynne (2011). Introduction to
Remote Sensing.



