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> CO JE DALKOVY PROZKUM?

Délkovy priizkum je princip ziskavani informaci o uréitém pfedmétu

bez nutnosti fyzického kontaktu:

Pristroje, které se-k:dalkovému prizkumu Zemeé vyuzivaji, se nazyvaji senzory.
Senzory zaznamenavaji elektromagnetické zéfeni odrazené od predmétl

a prevadéji ho na data, jeZ Ize interpretovat s pomoci pocitace.

Délkovy priizkum lze provadét ze zemé, z letadla nebo z vesmiru.

%
=
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PASIVNI SENZORY

Pasivni senzory zaznamenavaji zafeni
z jinych zdrojd, neZ je senzor. Jde
napfiklad o sluneéni svétlo odrazené
od riznych objektt nazemském povrchu
nebo infracervené tepelné zareni, které
vydavd sama Zemé (i objekty na ni).
Pasivni senzory nemohou pracovat
v noci, a pokud pracuji na optickém
principu,nedokaZou proniknoutbariérou
mrakd.

AKTIVNI SENZORY

Vice informaci najdete na: www.esa.int/eduspace

Aktivni senzory vyuZivaji vlastni zdroj
zdfeni. Senzor vysle davku zafeni
smérem k objektdm na Zemi a méfi
mnoZstvi zafeni, které se odrazi zpét.
Na rozdil od pasivnich senzorl dokazou
aktivni senzory ziskavat informace jak
ve dne, tak v noci. V pfipadé radaru je
mozné i méfeni skrz oblatnost.

European Space Agency
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A ATMOSFERA

Zemska atmosféra je-smés plynd, ktera obklopuje nasi planetu. Ma zasadni vliv na Zivot na Zemi.

Optickésenzoryposkytujidetailnipohled
na strukturu oblagnosti a proudéni
vétru. To umoZiuje sledovéni hurikdnl
a zpfesnéni predpovédi pocasi.

Pfedeviim obsahuje kyslik, ktery dychaji Zivé organismy, chrani nas pred ultrafialovym zarenim
a udrZuje teplotu pfiznivou pro Zivot. Sledovani vlastnosti atmosféry je tedy naprosto nezbytné.

Senzory na druicich ziskavaji data, ktera nachazeji stdle Sirsi uplatnéni v oborech zabyvajicich se
VITR

atmosférou. Poskytuji napfiklad informace o vétru a rozloZeni oblagnosti pro zpfesnéni predpovédi
_pocasi. Monitoruji zmény ve slozeni atmosféry, CehoZ se vyuZiva pro kontrolu kvality ovzdusi

a vylepSovani klimatickych modeld. Detailné sleduji hurikany, erupce sopecného popela a efekt y
méstskych tepelnych ostrovi.

Radarové  senzory jsou citlivé
na drsnost povrchu, coZ umoziuje
sledovat napfiklad viny na otevieném
mofi nebo jezerech. Informace o vinach
zpfesiuji monitoring vétru, ktery je
zdsadni pro management vétrnych
elektrdren a k predpovédim pocasi.

Veté elektrérny umisténé v mofi pobli anglického mésta Barrow a viiv vétru
na hladinu mofe na snimku z druzice Sentinel-

OXID DUSICITY (NO,)

Spektrometry méfi svétlo odraZené
od atmosféry a zobrazuji absorpéni pasy
odpovidajici konkrétnim plyndm jako
napf. oxid dusicity (NO,). Tyto informace
jsou dualezité pro zjistovani kvality
ovzdudi a predpovidani klimatickych
zmen.

= Vodni pira Koncentrace NO, na snimku z pristroje SCTAMACHY na druZici Envisat,

- [ E— O
L 2 e s

"»
"#" European Space Agency

Vice informaci najdete na: www.esa.int/eduspace
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Pevnina tvofi 30 % zemského fmvrchu. Odehrava se zde valna vétsina lidské €innosti a Utocisté tu
nachzi celd fada Zivych bytosti. Diky prmému kontaktu s atmosférou a hydrosférou pevnina také
vyznamné ovliviiuje klima nasi planety. Z téchto diivodd ma sledovani pevniny zasadni vyznam
pro lidstvo.i celou biosféru.

Pfi monitorovani pfirodnich zdrojl je dnes neocenitelnym pomocnikem dalkovy priizkum Zemg. Druzice
Ize vyuZit napfiklad k mapovani ptidniho pokryvu, k Uzemnimu planovdni, k odhalovani lesnich pozard,
ke sledovani vihkosti pldy a eroze,.k odhadu mnoZstvi lesni'biomasy, k topografickym méfenim,

ke sledovani sopeéné Einnosti nebo k vytvareni seismickych modeld.

= Piidni pokryv

Zemedelsks piida v kalifornskérn Tmperial Valley na snimku porizeném pristrojern.
MERS na druzici Envisat

Vzestup sopky Mount Longonot mafeny pomoci interferogramu z pfistroje
ASAR na druzici Envisat

54

Vihkost pdy méfend druzici SMOS
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ZEMEDELSTVI

Pomoci optického snimkovani lze
v pravidelnych intervalech ziskat
druZicové snimky zemédélské pldy
ve vysokém rozliSeni. Je tak mozné
pravidelné sledovat zemédgélské plodiny
a posuzovat, jak rostou a prospivaji.

SOPECNA CINNOST

Radarové interferometrie lze vyuZit
k méfeni poklesu €i vzestupu sopky
s presnosti na milimetry. Tak lze
ziskavat informace o vulkanické €innosti
asjejich pomocizptesiovat predpovédni
modely budoucich erupci.

VLHKOST PODY

S pomoci dat z radiometrd Ize vytvofit
celosvétové mapy vihkosti pldy, coz
je dilezity parametr pro sledovani
vegetace a zemédélské  pady,
hospodafeni s vodnimi zdroji a
predpovidani po€asi a vyvoje.

European Space Agency
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+ DALKOVY PROZKUM S
A LEDOVA POKRYVKA

Zhruba 10 % zemského povrchu je trvale pokryto ledovci, ledovymi €epicemi a ledovymi prikrovy, které

Pristroje pro optické i radarové snimkovani
méfi rozsah ledové pokryvky a sleduji
pohybledovychkervoceanskychproudech.
Jedna se o ukazatele s velkym vyznamem
pro sledovanizmény klimatu, které mohou
také pomoci pfi planovani namornich tras

se souhrnné oznatuji jako kryosféra. Tyto rtzné formy ledové pokryvky-se nachazeji prevazné v polarnich
a vysokohorskych oblastech a zésadnim zplsobem ovliviiuji regulaci klimatu nasi planety a vysku hladiny o ke AR

MERIS na druzici Envisat

oceand. Z neddvnych pozorovani vyplyva, Ze v kryosféfe dochazi k rychlym a mozna nevratnym zménam.

Sledovani ledové pokryvky tak ma pro budoucnost nasi planety obrovsky vyznam. RYCHLOST POHYBU PEVNINSKYCH LEDOVCO

_Neocenitelnym modernim ndstrojem pro vyzkum ledové pokryvky je dalkovy priizkum Zemé. Diky Radarové senzory vyuzivajici pokrogilé
techniky, jako je napfiklad radarova
interferometrie, umoZiiuji  méfeni
rychlosti pohybu ledovcd. Ze ziskanych
dajd pak Ize odvodit hmotovou bilanci
ledovcdi, kterd je citlivym klimatickym
ukazatelem.

moznosti-mapovani ledové pokryvky €i sledovani pohybu ledovych ker ho Ize v polarnich oblastech vyuzit
napfiklad pfi planovani namornich tras nebo pfi téZbé ropy na mofi. Slouzi také k méfeni dulezitych

MOCNOST MORSKEHO LEDU

Radarové vyskoméry méfi mocnost
mofského ledu a ledovych pfikrovi
s presnosti na centimetry. Tak je mozné
vyislit, jaké mnoZstvi ledu v polarnich
oblastech taje a jak to pfispivd
ke zvySovani hladiny oceand.

» Zmény v mocnosti ledu Maocnost antarktického ledového prikrovu méfen druici CryoSat-2
na snimku z druZice
Cryosat, zafi 2007

Vice informaci najdete na: www.esa.int/eduspace
European Space Agency




CVvVuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

=

d:esa

BARVA OCEANO

» DALKOVY PROZKUM A OCEANY

. Optické pristroje dokdZou sledovat
Oceany pokryvaji vice neZ 70 % zemského povrchu. Diky své ohromné rozloze maiji zasadni vliv

barvu oceanl a zjistit tak pfitomnost
fas a planktonu, jez funguje jako dobry
ukazatel celkového zdravi ocednu.
Diky tomu je pak moZné vytipovat
nejvhodnéjsi  oblasti  primyslového
rybolovu.

na pocasi a klima jak v konkrétnich oblastech, tak globalné. Z toho dlvodu je v zdjmu lidstva
i celé nasi planety velmi dileZité stav ocednl sledovat.

V-dne3ni dobé méfi satelity mnoho parametri tykajicich se ocednt, a to na globdlni, regionalni
i mistni Grovni. Tato méFeni najdou uplatnéni v celé fadé odvétvi, jako je tfeba sledovani zmeén klimatu,

53 =2
Fytoplankton kvetouci v Barentsové mofi na obrézku pofizeném spektrometrem
MERIS 2 paluby druice Envisat

predpovéd pocasj monitoring vétru a.vin, sledovani vodniho kvétu, ryboloy, fizeni lodniho provozu,

zachranné operace, patrani po ropnych skvrnach nebo hodnoceni kvality vody. ROPNE SKVRNY
Pfistroje pracujici na principu radaru
jsou citlivé na clenitost povrchu. Diky
tomu jsou schopné odhalit ropné
skvrny, protoZe ropa plovouci na hladiné
vyhlazuje viny, které by se za normalnich
okolnosti tvorily plsobenim vétru.

Ropné skvma rozlévajici se za poskozenym tankerem Prestige na obrazku
pofizeném radarem ASAR z paluby druZice Envisat

VYSKA MORSKE HLADINY

Radarové vySkoméry méFi vysku
mofské hladiny. Tato méfeni jsou
nepostradatelnapfisledovanistoupani
hladiny v pobfeznich oblastech a pfi
snaze o pochopeni toho, jak se chovaji
oceanské proudy.

» Teplota mofské hladiny

Vice informaci najdete na: European Space Agenc
u Y
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Vysvétleni pojmu

PIXEL

Zakladni obrazovy prvek

Zkraceni anglickych slov ,picture element”
Misto, kterému odpovida jeden méreny udaj
V rastru ma jasné dané souradnice
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Vysvétleni pojmu

PASMO
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Vysvétleni pojmu

ROZLISENI

Prostorové — velikost jednoho bodu (pixelu) - Nizké a stFedni,
Vysoké, Velmi vysoké

Spektralni - Panchromaticka (1 pasmo), Multispektralni,
Hyperspektralni (desitky az stovky pasem)

Casové - frekvence s jakou Ize snimat stejné Gzemi

Radiometrické — hloubka pixelu - nejmensi zména v intenzité
zaieni, kterou dokazeme rozlisit (v bitech)

Polariza¢ni — u radarovych dat - lepsi rozliSeni riznych typu
povrchu a zlepsuje detekci objektu



60m Copernicus Sentinel-2 data 2020
CVUT
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Priklady

ROZLISENI U e S S

20m Coperricus Sentinel-2 data 2020

Nizké a stiedni - Meteosat MSG (km)
Vysoké - Sentinel 2 sensor MSI (desitky m)
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Velmi vysoké
prostorové
rozliSeni

Pleiades-NEO
MS1,2m
PAN O,3m

Co jeto za
meésto?
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aBit quantizatien. ~

256 levels)

3- blt quantlzatlen -
8 levels

Priklady

ROZLISENI

(4 levels)

2 levels)
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Priklady

Landsat 7 - ETM 7 pasem Letecké - AVIRIS, 224 pasem, absorpcni
pasma

Panchromatické pasmo - Pan (v§e) Chroma (barva) = 1pasmo v celém rozsahu
viditelného a NIR, cernobily snimek ve stupnich Sedi



Druhy zpracovani dat

Zpracovana (“system corrected”) data
Nezpracovana (“raw”) data

Zpracovani znamena provedeni zakladnich
radiometrickych (kalibrace senzoru),
geometrickych (poloha) a atmosférickych
korekci
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> OBEZNE DRAHY DRUZIC

DruZice se pfi pozorovani Zemé pohybuji-po ob&znych drahdch.

GEOSTACIONARNT OBEZNE DRAHY
#SVAZANE SE ZEMI“

Geostacionarni obézné drahy jsou kruhové
drahy ve vySce priblizné 36 000 km nad
rovnikem. DruZice na téchto obéznych drahdch
obihaji kolem Zemé stejnou Ghlovou rychlosti
jakojerotaceZemé. Protosezdanlivé nachazeji
stile nad stejnym mistem na zemském
povrchu a mohou nepretrzité sledovat
urcitou oblast. Na geostaciondrnich ob&znych
drahdch obihd vétsina meteorologickych
a telekomunikaénich druZic.

Tvar téchto drah zavisi na trech hlavnich faktorech. Prvnim je zemskd gravitace,
druhym rychlost druZice a tfetim jeji poloha. Cim blize Zemi se druZice pohybuje,
tim vyssi je jeji rychlost.

Védci vybiraji obé&zné drahy podle toho, co. ma druZice sledovat. K pozorovani Zemé sl
se zpravidla vyuzivaji dva druhy: slunecné synchronni polarni ob&zné.drahy
a geostaciondrni drahy.

HELIO-SYNCHRONNI POLARNS OBEZNE DRAHY
nSVAZANE SE SLUNCEM"

Sluneéné synchronni polarni ob&zné drahy
jsou pfiblizn& kruhové drahy ve vySce zhruba
800 km nad Zemi. DruZice na téchto drahach
prelétaji v blizkosti pold planety, a jak se
Zemé otddi, sleduji zemsky povrch kaZdy den
ve stejny mistni €as a za stejného sluneéniho
osvétleni. Na tyto drahy se umistuji druzice
pro délkovy prizkum Zemé, které maji
sledovat cely povrch planety.

Vice informaci najdete na: www.esa.int/eduspace
European Space Agency
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Program COPERNICUS

* Program EU pro pozorovani Zemé
 Program koordinuje a spravuje Evropska komise

 Je provadén v partnerstvi s clenskymi staty, Evropskou
kosmickou agenturou (ESA), Evropskou organizaci pro
vyuzZivani meteorologickych druzic (EUMETSAT),
Evropskym centrem pro strednédobé predpoveédi pocasi
(ECMWF), agenturami EU a spoleénosti Mercator Océan.

 Veskera data jsou volné pristupna bez poplatki

 https://youtu.be/MGJss4iDaBo



https://youtu.be/MGJss4lDaBo
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1 sentinel-s

The Sentinel
missions

. sentinel-3 \
sentinel-sp

https://www.esa.int/Applications/Observing _the__Earth/Copernicus/The
tinel _missions



https://www.esa.int/Applications/Observing_the_Earth/Copernicus/The_Sentinel_missions
https://www.esa.int/Applications/Observing_the_Earth/Copernicus/The_Sentinel_missions

European Union

The first in the Copernicus Sentinel series, a
constellation of two identical radar
imagery satellites in the same orbit,
providing an all-weather, day-and-night
supply of images of Earth's surface

¢

Main applications include:

Monitoring sea ice and icebergs

monitoring of land
river and lake ice

Sentinel-1A was launched on 3 April 2014
and Sentinel-1B on 25 April 2016.

Both were taken into orbit on a Soyuz rocket,
from Europe's Spaceport in French Guiana -

fO) Designed and built by a consortium of
around 60 companies led by
Thales Alenia Space and

ice (glaciers, ice sheets, ice caps)

monitoring e oil spills and ships « marine winds

& waves e land-use change, agriculture, deforestation
land deformation e and support to emergency

management such as floods and earthquakes

&

&)=

&8,

Airbus Defence and Space

As of end 2020, about 6 million
products have been generated
and made available for download,
culminating a total of 10
Petabytes. More than 30 million
Sentinel-1 product downloads
have been made by users,
representing nearly 40
Petabytes. Data are exploited by
various users: Copernicus
Services, public institutions,
scientists, commercial companies

%

R

4
-

Services relate to:

Monitoring of Arctic sea-ice extent e routine sea-ice
mapping e maritime surveillance (oil spill monitoring,
ship detection, illegal fisheries)  monitoring

land-surface for motion risks including subsidence, ”

landslides e understanding of Earth processes
(earthquakes, volcanoes) © monitoring of
infrastructure e mapping for forest, water and soil
management e and mapping to support humanitarian
aid and crisis situations

Oopermicus

Europe’s eyes on Earth

Continuity over the coming
years will be ensured by the
launch of additional satellites
(Sentinel-1C and Sentinel-1D).
Furthermore, a new generation ™ ,
of Sentinel-1 satellites is
being prepared, to take up the
relay from the first generation

https://scihub.copernicus.eu/
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About Copernicus Sentinel-2...

@“ Designed and built by a group of around &
A constellation of \

led by and Space
, Copernicus Sentinel-2 images [i" for the space segment and &
land and coastal areas at high spatial resolution for the ground segment @ &

in the optical domain

S o0

include agriculture;

land ecosystems = - .
monitoring; forests #
management; inland and

coastal water quality *
monitoring; disasters

mapping and civil security

Services include (Copernicus Land Monitoring Service);
(Copernicus Marine Environment Monitoring Service);
(Copernicus Emergency Management Service) and
Copernicus Security Service; among others

Sentinel-2A was launched on 23 June 2015; —
Sentinel-2B on 7 March 2017, both on a Vega -E\
rocket from Kourou, French Guiana

As of July 2020, about Continuity over the coming years will be *
have been ensured by the

generated and made available http5'llscihub copernicus eu (Sentinel-2C and Sentinel-2D).

for download, culminating a g ' i Furthermore, a new generation of Sentinel-2

total of 10 Petabytes satellites is being prepared, to take up the

relay from the first generation

opermicus

Europe’s eyes on Earth
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WHAT?

About COPERNICUS SENTINEL-3

esa

WHEN?

With a suite of cutting-edge instruments,
Sentinel-3 measures systematically
Earth's oceans, land, rivers and lakes,
land ice, sea-ice and atmosphere, to
monitor and understand long term and
large-scale global dynamics

INSTRUMENTS?

The spacecraft carries four main instruments:
OLCI: Ocean and Land Colour Instrument

SLSTR: Sea and Land Surface Temperature Radiometer

SRAL: SAR Radar Altimeter
MWR: Microwave Radiometer

APPLICATIONS?

A versatile mission that supports many
applications, main ones include: measuring
sea and lake surface topography; sea and
land surface temperature; sea-ice and land
ice elevation and ocean and land surface
colour to support ocean forecasting
systems, environmental monitoring and

climate monitoring; and wildfire monitoring.

The mission is jointly operated by ESA and
EUMETSAT to deliver operational ocean and
land observation services

Both were taken into
orbit on a Rockot
launcher from Plesetsk
Cosmodrome, Russia

Sentinel-3A + Sentinel-3B

16z 2520

WHERE?

Both satellites were designed and built by a consortium of around
100 companies, under the leadership of Thales Alenia Space, France.
The mission is the result of close collaboration between ESA, the
European Commission, EUMETSAT, France's CNES space agency,
industry, service providers and data users

DATA AND USERS?

Since the start of dissemination of Sentinel-3A data in October 2016
and until September 2021, users have downloaded 132.068.986
Sentinel-3 products, corresponding to a total volume of 35,64 PiB.
The archive exploitation ratio was 1:11, meaning that users have
downloaded 11 times the number of Sentinel-3 published products.

Data are exploited by various users: Copernicus Services, public
institutions, scientists, researchers and commercial companies

WHAT'S NEXT?

BENEFITS?

Core services relate to:

Numerical Ocean Prediction; Global Land Monitoring
Applications; Open Ocean and Sea-Ice and Land Ice
Monitoring; Coastal Zone Monitoring; Atmospheric Services;
Climate Change Monitoring; Environmental Policy and Law;
Maritime Safety and Security; and Support to European
Security, Humanitarian and Emergency Services

Continuity over the coming years will be ensured by the launch of
additional satellites (Sentinel-3C and Sentinel-3D). Furthermore, a
new generation of Sentinel-3 satellites is being prepared, to take
up the relay from the first generation

.
opermicus

Europe’s eyes on Earth

DATA ACCESS https://scihub.copernicus.eu/
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WHAT

Sentinel-5 Precursor, or Sentinel-5P, is the
first mission of the European Union's
Copernicus Programme dedicated to
monitoring Earth's atmosphere

OBJECTIVE

2 About COPERNICUS SENTINEL-5P Qesa

WHEN

Sentinel-5P The satellite was launched into orbit
Oct on 13 October 2017 onboard the
1 3 2517 Rockot launcher from the Plesetsk

cosmodrome in Russia

WHERE

The aim of the mission is to deliver
measurements of key constituents
of the atmosphere with high
spatiotemporal resolutions,
supporting the monitoring and
forecasting of air quality, ozone and
UV radiation, and the climate, as
well as many more applications that
benefit society and the environment

INSTRUMENT

Copernicus Sentinel-5P carries the TROPOspheric Monitoring
Instrument (TROPOMI), a state-of-the-art spectrometer that
maps the global atmosphere every day, with a resolution as
high as 5.5 km x 3.5 km and a swath of some 2600 km

APPLICATIONS

Copernicus Sentinel-5P data are fed into several Copernicus

CONTINUITY

Services, including the Copernicus Atmosphere Monitoring The mission reduces gaps in the availability of global
Service (CAMS) and the Copernicus Climate Change Service atmospheric data between ESA's Envisat satellite —
(C3S), helping European businesses and governments which was operational from 2002 to 2012 - and the

address key societal and environmental challenges future Copernicus Sentinel-4 and Sentinel-5 missions

The mission was designed and built by a consortium of
30 companies led by Airbus Defence and Space in the UK
and the Netherlands. It is the result of a collaboration
between ESA, the European Commission, the Netherlands
Space Office, industry, data users and scientists

SCIENCE

The mission's data have resulted in the publication of
hundreds of scientific papers that tackle numerous important
issues, including the impact of industries around the world
on greenhouse gas emissions, the effect of coronavirus
restrictions on air quality, and many more

DATA AND USERS

Approximately 1 terabyte of Copernicus Sentinel-5P data
is downloaded by users every day. As of September 2022,
there are some 590,000 registered users of Copernicus
Sentinel data.

DATA ACCESS? scihub.copernicus.eu/ _opermicus

Europe’s eyes on Earth




Kde ma ESA svuj kosmodrom a
proc zrovna tam?
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