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" KIaS|cke" mebdy zberu

zberu

- Vystupy v podon
ciarovych map
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/. zdlhavycas zberu
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Histoéria DPZ
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Etapy v DPZ

1. shimanie z drakov a baléonov

2. snimanie z lietadiel

3. snimanie z druzic
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ariz (21 11 1783)

4.6. 1783 Joseph a Etlenn Montgolﬂerovm ~ "'h
19.9.1783 - ovca, k&a a koht
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Prvy fotoapaat (1839)

J.N.Niepce, J.M.Daguerre, W.F.H. Talbot
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JozefMaximili an Petrzval(1840)

- objektiv pouzivany dodnes v pristrojoch
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Bratislava (6.9.1905)

PRESSBURG

il
I
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Snimanie z lietadiel
- 1903 — O. a W.Wright
- 1909 - liedadlo + snimka
- 1910 — vzduchold’
- 1911 — vojna Taliansko
vs.Turecko — 1.oper&ny let
- po l.sv.vojne — aj civilny sektor
- mapovanie 1:25 000
- |l.sv.vojna — bombardovanle
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17.12.1903 — O. a W.Wright

Kitty Hawk, North Carolina
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Podklad pre bombardovanle

Jar 1944 - raflherla ApIIo Bratlslava
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Sucasne lietadla pre DPZ

Cessna?06 G
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Lietadla pre DPZ v buducnosti

* 5 Min. at Takeoff Thrust

- bezpilotré, napr.Global Hawk ~
- digitalny zdiznam -
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Snimanie z druzic
- armada, spionaz
- 1957 - Sputnik
- 1958 — Explorer - Zem
- 1959 — Luna 3 - Mesiac
- 1960 — Tiros, 1977 Meteosat
- laboratoria Skylab, Mir, ISS
- 1972 - ERTS (Landsat 1)
- 1975 — VIKIng — Mars
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V-2 (1944)

- prva raketa — Nemecko

- Vergeltungswalffe,2
zbrai odplaty

- Londyn, Antverpy

- W.v. Braun

- zaklad raketovej
konstrukcie
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Sputnik (1957)

v | Chye New York Times. |
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prva umela druzica Zeme
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Explorer 6 (1958)

prve snimky Zeme
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Luna 3 (1959)

Bl Mesiac — odvratena strana
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Tiros-1 (1960)

FIRST TELEVISIOM PIETURE FROM SPACE
TIROS | SATELLITE APRIL 1, 1860

meteorologicka druzica
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Landsat(1972), SPOT (198),..

druzice prirodnych zdrojov
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Mars - Viking (1976), MGS (1997),. _
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Fotogrametria a DPZ

_-.. .,_...;--'-7 i:'—---._nm-l--m'

- starsia technika

- analogova zaznamy

- vysoké priestorove
rozlisenie

- nizke spektralne
rozlisenie

decemper zuus

novsia technika

digitalne — problém prenos
vysoke spektralne
rozlisenie

nizke priestoroveé rozlisenie
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lietadlo

los’

minu

Fotogrametria a DPZ

&e DPZ

Ve

, SNimM

Prehrad DPZ
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Fotogrametria a DPZ

Fotogrametria
- geometricka presnos
- snimanie z lietadiel

DPZ

- kvalita objektu — radiometria
- snimanie z druzic

Dnes — konvergencia
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Definicia DPZ

Kyoto (1988)

- XVI. kongres ISPRS

- Fotogrametria a DPZ je umenie, veda a
technologia naziskavaniespd’ahlivych
iInformacii o fyzikalnych objektoch a ich
okoli pomocou zaznamu, merania a
Interpretacie snimok, pripadne
digitalnych zaznamov, ktoré sa ziskavaju
pomocounekontaktnych snimacich
systemov.
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Princip, obsah, objekt, meddy DPZ

- princip — ziskavanie informé&cii na zéklade EMZ,
bezkontaktne

- objekt — zemsky povrch, pod povrchove a nadzemnéewrstv

- metody — fyzikalne meranie, spetrkalna analyza,sttia,
Spracovanie obrazu

- znak — interdiscplinarnds- fyzika, optika, matematika,
Statistika, spracovanie obrazu, PC, spojenie s GIS
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Obsah (etapy) DPZ

1. vyhotovenie zaznamov + prenos na pozemné stanig

- vyuzitie snimacej techniky — skener, kamera, radar,

december 2008
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Obsah DPZ

2. podporené pozemné merania

-v ¢ase shimania — snimanie odrazeného ziarenia spektsom
-snimanie okamzitej vlihkosti pody

- pochodzka v teréne pre overenie interpieyah

znakov
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Obsah DPZ

3. spracovanie zaznamov

- zlepSenie geometrickych a optickych vlastnosti agan
- Uprava jasu, kontrastu
- prevod na analégovy tvar

- vyhotovenie farebnych syntéz
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Obsah DPZ

- ziskanie

potrebnych informacii

pole

pole?

pole3

ez

tecuca voda
shojata voda

4. vyhodnotenie zaznamov

o ~ e

- vizualna interpretacia, klasifikacia obrazu

december 2008
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Obraz v DPZ

DPZ - praca s obrazom

Obraz — vSeobecny termin
- bez of’adu na vinovu dizku alebo
snimacie zariadenie
- zaznamenavane nie na fotograficky film

Snimka — zaznam na fotograficky film (0, 3-
0,9 um)
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Fyzikalne principy DPZ
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Fyzikalne zklady DPZ
- DPZ — Interakcia ziarenia s krajinou
- teleso teplejsie ako —273,16 °C = (0° K)

- DPZ — SInko a sIn€na enegria

6000 K
Teplota

K
3

30

o

10t 1 10 18 1C° A [um]
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Fyzikalne zklady DPZ

- princip 1.— zo Sinka E dopada na Zem
- odrazené — nesie informaciu
- Zaznamenane
2. vlastny zdroj ziarenia
- E vyslana k zemi
- odrazené a zaznamenaneé
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Aktivne a paé/ne systmy

1- pasivne — prirodzené ziarenie
2 — aktivne — umelé ziarenie
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EM Zarenie

- nosite informacie v DPZ

- popis ako EM viny aleboéastice

- EM vina — zvlastny pripad EM pola, popisovana E a
M

El!ntenzito elektrického pola

A== |
f x

c= 299 790 km/s Smer

sirenia

M Vinova dizka A
Intenzita magnetickeho pola

december 2008 PrehPad DPZ, snimae DPZ



EM spektrum
- vznik — zrychleny, spomaleny pohyb
castic
-v prirode — spojité spektrum — 20 radov
- rozdelenie poda A, f

1072 109 10V 1015 1012 10° f[Hz]

pm nm Hm mm m N
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AtOm
-1913 - model atomu — dan Niels BOHR
- Jadro a obal
- Jadro — proton a beutron
- obal - elektony na réznych drahach

@ - ak elektrond’alej od jadra
- V&SIU energiu
- vySSia energeticka hladina
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Vznik Ziarenia

- BOHRova tedria prepracovana kvantovou mechanikou
- ak d’alej od jadra — vzbudeny — na vysse] energetickejitdad

VZ - prechod z vy33ej
hladiny-xa nizsiu
vyziarenie fotonu

gama- prechod
nukleonov z vyssSich
hladin na nizsie

- rontgenoveé— brzdeni elektonov dopadajucich na kov/preskokoch

elektronov v atbme na imai nizke energeticke hladiny
december 2008 EMZ a DPZ



Atmosfericlé okna, absorl#né pisma

Strahlungsanargie

_=Sanne 6000 K

Atmosphansche . . Erde 300 K

Durchlassigkent

{W\Mmi

10" 10 1o TR 10° Hertz

Rérigen  Wliraviolett nahes IR rittleres und fernes Infrarot Mikrowellen Radiowellen

I ¥ i !

0,00 om0 1 em 1 em 100 pem 100 pem 1 mim 10 mm 100 mm 1 m

Thermal-Scannér Hadar-Verfahren
e et S | A

- —ai Multispektral-Scanner

!.
0.4 05 06 07 1.0 1

UV Sichtbares Lichi Infrarat
| = Phoicgraphische Aulnahme
e ————— . A Multispekiral-Scanner
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EM spektum a DPZ

e

Rozsah Nazov Vyuzitie
<0,01pm Gama Geofyzika

Rdntgenove (X) | Lekarstvo, stavebnictvd
0,01-0,38um |UF (obmedzene DPZ2)
0,38-0,72um | ViditeI'né DPZ
0,72-15um |IC DPZ
3mm-3m | mikrovinne Radaraktivny SS
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december 2008 PrehPad DPZ, snima&e DPZ



EM spektuma DPZ

- viditeI’né 0,38um - 0,72um -
flaloveé 0,38-0,45um o0 DUk
modre 0,45-0,5m Ror
zelené 0,50-0,58m e o
71té 0,58-0,5Qum .
oranzové 0,59-0,6@m o l sy

5 cervene 0,62-0,7@m o Vi

-1C 0,72pm - 15um "

blizske © 0,72-1,3um desshitbenen s
stredné € 1,3-4,0pum
vzdialené € 4,0-15pm

X 2.4 -38cm

- mirovinné (radar) ¢  38-75cm
L 15-30cm
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Snimate DPZ
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Delenie siimacov DPZ

- podra typu zaznamu
- analdgove adigitalne

- podPa zdroja ziarenia
- pasivne a aktivne

- hPadisko obrazovej informacie
- Oobrazove a neobrazove

december 2008 Digitalne snimate



Delenie siimacov DPZ

snimace
. \

analdogove digitalne

(fotografické) / \

obrazové neobrazové

N

rotujuce zrkadlo snimat CCD
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Pod’a obrazovej infornacie
- obrazové — snimaju priestorove
rozlisenie
-neobrazove — snimaju lertas a vinove
rozlisenie
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Neobrazové snimée DPZ
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Neobrazoé snimace DPZ

- zber pozemnych udajov

- skreslenie udajov DPZ — prechod
atmosferou

- urcenie kolelacie spektralnych
charakteristik objektov s ich druhovymi a
stavovymi charakteristikami
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Neobrazoé snimace DPZ
Radiometer L1800
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Obrazové snimd&e DPZ
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Druhy obrazoych z2znamov DPZ

- spoOsobu vyhotovenia
- spektralneho pasma
- nhoska

- farby

- sklonu osi zaberu

- obrazoveho uhla

- velkostl uzemia
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Podla spsobu vyhotovenia

- analogoveé - fotograficke

- digitalne — skener (riadkovanie),
- plosna kamera
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Podl’a spektélneho pasma

- (UF), panchromatické, IC, tepelné,
radarove, multispektralne

L il

r.'.' i, Ik
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Pod’a nosra

- ploSina h<20m

- rogalo, riadeny model 50 -100 m

- vrtulnik 50 — 2000 m

- lietadlo 500 - 8000 m

- |leteckeé laboratoria 5 km —20 km
- kozmickeé laboratoria 200 - 500 km

- druzice DPZ 600 — 1000 km

- meteorologické druzice 36 000 km
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Cessna?06 G
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L-410 FGTurbolet

Temesvan archiv
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Fotoprieskumre lietadla

Photo & @ by: Gavin from near Fairford, UK

december 2008 Prehrad DPZ, snima&e DPZ



Lockheed U-2

UNCLASSIFIED

~LN-33 PIII INS 3 .’ - SENIOR SPEAR

- NAS-21A ANS - SENIOR RUBY

- EWS % - INTEROPERABLE
: DATA LINK

- DUAL DATA LINK
- SPUR LINK

- INTEROPERABLE
DATA LINK

- DUAL DATA LINK

= ' " =910 mm,
[ 457 x 457 mm,

IRIS I CONFIG. OBC AIR

24 IN 66 IN 30 IN SAMPLER MISSION .
PANORAMIC FRAMING PANORAMIC RECORDER
CAMERA CAMERA CAMERA

UNCLASSIFIED
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Spionazne druzice

KH-4A (Key Hole)

december 2008

. ! =
2] 1 -
- R E ..
o e Gl
- 3 -
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i —.1 - ok,
. - = g = o]
- e

od 50-tych rokov v USA
ciel’ prieskum ZSSR
urychlenie po zostreleni U-2
1962 — uspech KH-4
navratny modul s materialom
zachytavalo transportnée
lietadlo

zmapovanie celeho ZSSR
RS niekdko metrov

mytus o prevahe jadrovych
zbrani sa nepotvrdil



Druzce prirodnych zdrojov
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Obemné drahy druzic DPZ
subpolarne, Sikkmé, geostacionarne

S
/C) |
J 3 —
- sklon 80-100° _ ]
- cca 2 hodiny - sklon 30-65° - rovina rovnika
- synchrénna so Sinkom Max.geog.sirky - 39865 km |
vyhodna - pilotované lode - zavesena na mieste
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Lietadlo vs.druzica ?

historia vzniku

- rozlisenie — geometricke,
- radiometricke

- operativnosg ?

- cena?

december 2008
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Podla farby
CB, farebné, multispektralne
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Podl’a skonu osi aberu

zvislé, Sikmé, vodorovné
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Podl’a obrazoeho uhla
uzky, normalny, Siroky, nadsiroky objektiv
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PodPa obrazo¢ho uhla
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Podl’a obrazoého uhla

 —ad  h=30km

f1

ovhako véké Uzemia

Rovnakeé priestorove rozlisenie
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Podl’a va’kosti Uzemia

globalne, oblastne, lokalne, detailné
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Pasivne analogove sninte DPZ
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Aktivne a paé/ne systmy

1- pasivne — prirodzené ziarenie
2 — aktivne — umelé ziarenie
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Letecke fotogrametrické kamery
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Leteclké snimkovanie

novéie - [2323] = 230 x 230 mm
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Snimkow let
vePky pocéet systematicky usporiadanych
snimok
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Snimkowy let
- prekryt — funkcia rychlosti lietadla

- %, (p)
- rovina — jednoduchy p =20 az 30 %
- hornatina — stereoskopicky p = 60 %
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RezCB filmom
- letecké snimky — film

- emulzia citliva na svetlo — AgBr
- chémia - vyvolanie, ustiovanie, opranie a
susenie

- ochranna vrstva

- cithva vrstva AgBr

- medzivrstva

- nosné medium (film, sklo)
- antihala¢na vrstva

- negativ, diapozitiv
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CB film mu

- @ . a

a) b) dopad svetla — Stiepenie AgBr

- @ a @

. . . K
c) vyvolanie — naviazanie Br [ AgBI'\" 4 stalenie — viazanie AgBr

kde nedopadlo svetlo
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CB film

- negativ, diapozitiv

december 2008



CB snimky

- odtiene Sede

- podlozka nesie len 1 vrstvu

- Tudske oko — 16 az 20 odtigov

- film citlivy na svetlo
- panchromatické 0,5-0,7pum
- Infracervene 0,6-1,2um
- ortochromatické 0,35-0,6 um

december 2008



Panchromatické CB snimky

- 0,5-0,7 um

- svetlo rozplyovane — perspektiva, oblaky
- mapovanie - fotogrametria

- letecka meraiska snimka - ortofotomar

by ! W
i
R e A
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CB IC snimky

- CBIC film-0,6-1,2 um

- 1C svetlo prenikéa aerosolmi, dymom,...
- malo rozptyl’ovaneé — ostré objekty

- stracaju perspektivu — objekty plocho

- tiene, bez poloti@a

- voda

- vegetacia

- Specialne wely
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InychCB aCB IC

e norma

Porovnan

Q
=

norma
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Rez farebym filmom

- letecké snimky — film
- krajina v prirodzenych farbach
- 3 vrstvy — modra, zelenagervena

ochranna vrstva

vrstva citliva na modru
Zlta filtra ¢na medzivrstva
vrstva citliva na zelenu
vrstva citliva na ¢ervenu
nosné medium (film, sklo)
antihala¢na vrstva

- negativ, diapozitiv

december 2008



Normalne farebné snimky

- krajina v prirodzenych farbach
- 3 typy — negativ -> pozitiv
— inverzny film -> diapozitiv
- pozitivhe
- viac informécii ako CB
- geografia -citate’nost’ snimkyp &
- fotogrametria
- ortofotomapy
- vplyv dymu, oparu,...
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Farebné IC snimky

- povodne odlisenie vojenske] kamuflaze
- 2 oblasti spektra
- panchromaticka 0,52-0,72um
- Infrachromaticka 0,72-0,8um
- Zlty filter
- farba
- Specialne wely
- tlene, voda
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Porovnanie farebnej IC a CB | C snimky
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Multispektralne snimky

- niekolko pasiem — VID a IC
- multispektralne kamery

- rovnakeé uzemie

- multispektralna scéena

- skladanie —farebna syntéza

- prave — zelena, purpurova
- nhepravné —¢ervena, azurova
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Multispektralne kamery

MULTISPEKTRALNE

MSK 4 MKF 6
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Multispektralna scéna

7 o SRR >l

KN Cu, T Multispektralna

[ i o

asmo 2 — VID2 scéna

2L JER

pasmo 3 — VID3 pasmo 4 —@
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Multispektralna seena

pasmol pasmo: B SO
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Farebné syngzy
Pasmol, pasmo2, pasmo3
- zdalezi naporadi—R, G, B
- nesmie sa opakova

n!
- Variacle (n—K)!

- pocet prvkovn =3  (pasmol, pasmo2, pasmo3)
- trieda k =3 (R, G, B)

vag=-_3 -3¢
(3-3)! O
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Farebné syngzy
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Farebneé syni€zy

I“ll
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Tepelné zaznamy

- v3etky objekty (0°K) — IC Ziarenie
- zadznam — IC fotografia — do 1,2pm
- termovizny zaznam — 3 az 2(im
- tepelné ziarenie 1,41m az 1,2 mm
- termalny detektor — chladeny
- registracia na film — geometrické skreslenie
- matuce farby
- teplejSie objekty — svetlejSie
- studensie objekty — tmavsie
- odlisnog’ den a noc
- __Inverzia, oblaky, vyuzitie
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Tepelne zaznamy stredny tok Labe

.. |

Nt 0] b | \‘ 4 Eﬂm.r 22: OOhod
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UF snimky

- spektrum 0,3 az 0,41m

- absorbcia — Q,, ndklon objektivom
- nizky kontrast

- len malé vysky

- geoldgia — karbonatove horniny
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Videosystmy

- pohyblivy obraz na farebnom filme
- viditeI’né pasmo
- prezentatné weely
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Pasivne digitalne snimée DPZ
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Skener

- digitalny snima¢

- opticky snima¢

- obraz po riadkoch

- Sirsie pasmoA ako film

- vystup — signal elektricky, zaznam na
medium, spracovanie PC

- umiestneny na druzici
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Princip skenerov

- zorneé pole odraza rotujuce zrkadlo

- riadkuje zemsky povrch v pasoch (riadkoch)
- kolmeé na smer letu

- rychlost’ riadkovania — nastavena

- susedné riadky — pomerne dobre nadvazuju
- vysledok — graficky obraz scény EMZ

- v prislusnom pasmei
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Delenie podra typu spektra

Monospektralne skenery
- viditePneé spektrum alebo IC

- Specialne pripady

Multispektralne skenery

- niekolko diskrétnych spektralnych pasiem

- hranol (klin), mriezka

- oddelené detektory — rovnaky prvok, roznaA
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Multispektralny skener

ooooa

ooooa

w0 % - |
M? v 10 Al
) i 3 etektrory klin
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I

,’Q fooku detektrory mriezka

Wk,
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Skenovatsysem (vznik riadku)

Snimanie riadku
- po castiach —opticko-mechanickéskenery
- Landsat (MSS, TM, ETM+)
- naraz - opticko-elektronickeé skenery
- SPOT, IRS, IKONOS, QuickBird,
Eros, OrbView, Chunghua, ...
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Geometriaopticko-mechanicleko skenera

ETM+ Coarse Sun Sensors
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Geometriaopticko-elektronickeho skenera

n Ay CCD — Charge Coupled Devies = Ay’
N A skutanog’ Ax = Ay
f
T O
, S
h Ay:Ay =
N
ms
AX = At.v
: .
Y
S
x| LIITIITTITTITTITITITITIT T [ )Ax
Ay
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Podla pattu riadkov

- opticko — elektronické skenery

- Jedno, troj-riadkove

- snimat CCD — pocet pixlov 6000-12000
- riadok kolmy na smer letu

- cely riadok snimany naraz

- objektiv
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Jednoriadkoy skener
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Trojriadkovy skener

- odrazené svetlo — zaznam 3 priamok

- vzadu, v strede, vpredu

- vznik — stereoskopickeho obrazu

prvy riadok — predny riadok obrazu
druh riadok — stredny riadok obrazu
treti rladok — zadny riadok obrazu

moznog’ stereosnimania z jednej stopy orbity
tvorba DTM
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Trojriadkovy skener

skener MOMS-02D2 (1993- misia STS-55)
- skenery HRSC a WAOSS — Mars (1994)
skener MOMS-02 Prlroda (MIR od 1996)
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Trojriadkova kameralLeica ADS40

- 3 riadkovy snimac
2 - 1 riadok - senzor CCD - B,G,R,\IR
> - |eteckd kamera

december 2008 Digitalne snimate



Plosna digitalna kamera

- DMC - Z/I Imaging - Digital Camera System

- UltraCam XP — Microsoft Photogrammetry
(byvaly Vexcel)
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Plosny snima¢ digitalnej kamery

- snima& DMC 2001

- Philips s.r.o.

- 103,5x 67,5 mmh

- 11500 x 7500 pixelov
- 86,25 Mpix
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Malé kamery v digiélnej kamere

- problém vel’kost’ plosneho sniméa
- niekol’ko spojenych pachromatickych kamier
- a kamery pre snimaniev B, G, Ra IR
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Vznik obrazu v plénej digitdine] kamere
- PAN obraz - spojenim PAN obrazov z malych
kamier

- farebny obraz — PAN obraz ofarbeny poda
RGB

- moznog’ vznlku farebnych syntez
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Satelity DPZ
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Landsat SPOT,..

december 2008 PrehPad DPZ, snimae DPZ



Landsat

- americké druzice

- program EROS

- vyskum prirodnych zdrojov — druzica DPZ
- prvadruzica DPZ

- subpolarna draha (80° az 100°)

LANDEAT )
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Chronoldgia druzic Landsat

|. generacia

ERTS 1 (Landsat 1)

Landsat 2
Landsat 3
Il. generacia
Landsat 4
Landsat 5
Ill. generacia
Landsat 6
Landsat 7

december 2008

23.7.1972 -6.1.19/8
22.1.1975 - 25.2.1982
5.3.1982 - 31.3.1983

16.7.1982 - 1/1986
1.3.1984 -

5.10.1993
15.4.1999 -
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snimanie 81° s.g.S.-81°j.g.S. (18 dni)
prelet rovnhikom 9:30 miestnehatasu
h =917 km, Sirka Uzemia 185 km
sklon drahy 99°, sin€ne synchrénna
obezna doba 103 min.

snimat RBV a MSS
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Snimac¢ RBV

- Return Beam Vidicon (RBV)

- televizny systém — 3 kamery RS=80 m
(Landsat 3 — 2 kamery)

- 1.kanal 475-575 nm

- 2.kanal 580-680 nm

- 3.kanal 690-830 nm

- RS RBV Landsat 1,2,3 80 m
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Snimac MSS

- Multispectral Scanner (MSS)

- opticko-mechanicky skener

- 4 kanaly

- 4, kanal 0.5t0 0.6 um (G)

- 5. kanal 0.6 t0 0.7 um (R)

- 6. kanal 0.7 to 0.8 um (NIR)

- 7.kanal 0.8to 1.1 um (NIR)
Landsat 3 aj

- 8. kanal 10.4to 12.6 um (termal)

- RS MSS Landsat 1,2,357 x 79 m
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Landsat4, 5

- snimanie 81°s.9.5.-81°j.9.S. (
- prelet rovnikom 9:45 miestnehacasu

- h =705 km, opakovanie merania 16 dni

- sklon drahy 98°, sIn€ne synchrénna

- obezna doba 99 min., Sirka Uzemia 185 km
- snimat MSS a TM
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- Multispectral Scanner (MSS)

Snimac MSS

- opticko-mechanicky skener

- 4 kanaly
- 4. kana
- 5. kana
- 6. kana
- 7. kana

0.5t0 0.6
0.6t0 0.7
0.7t0 0.8
0.8to 1.1

um (G)
um (R)
um (NIR)

um (NIR)

RS MSS Landsat4,5 57 x 79 m

december 2008
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Snima¢ TM
- Thematic Mapper (TM)
- opticko-mechanicky skener

- 7 kanalov

- 1. kanal 0.45 to 0.52 um 30 m
- 2. kanal 0.52 to 0.60 um 30 m
- 3. kanal 0.63 to 0.69 um 30 m
- 4, kanal 0.76 to 0.90 um (NIR) 30 m
- 5. kanal 1.55t0 1.75 um (NIR) 30 m
- 6. kanal 10.4 to 12.5 pm (thermal) 120 m
- 7. kanal 2.08 to 2.35 um (MIR) 30 m

- RS TM 30 x 30 m — 120 n{TM6)
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Landsat6

- prelet rovnikom 10:00 miestnehaasu

- h =705 km, opakovanie merania 16 dni
- sklon drahy 98°, sin€ne synchronna

- snimat ETM

- Sirka scény 185 km
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Snimac¢ ETM
- Enhanced Thematic Mapper (ETM)

- opticko-mechanicky skener

- 7 kanaly

. kanal 0.45 to 0.52
. kanal 0.52 to 0.60
. kanal 0.63 to 0.69
. kanal 0.76 to 0.90
. kanal 1.55t0 1.75
. kanal 10.4to 12.5
. kanal 2.08 to 2.35

|
~NO Ok WD

m
m

m

UM (NIR)
UM (NIR)
Um (thermal)

um (MIR)

- RS30x30m—-120 m (ETM6)

december 2008

30 m
30 m
30 m
30 m
30 m
120 m
30 m
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Landsat7

A : -

- prelet rovnikom 10.00 a.m.

- h =705 km, opakovanie merania 16 dni
- sklon drahy 98°, sin€ne synchronna

- snimat ETM+

- Sirka scény 185 km

- s
1.-_5;.] . ot
e '

december 2008 PrehPad DPZ, snimae DPZ



Snima¢

ETM+

- Enhanced Thematic Mapper Plus (ETM+)
- opticko-mechanicky skener, 8 kanalov

- 1. kanal 0.45 to 0.52
- 2. kanal 0.52to 0.60
kanal 0.63 to 0.69
. kanal 0.76 to 0.90
. kanal 1.55t0 1.75
. kanal 10.4to 12.5
. kanal 2.08 to 2.35
- PAN052toO90pm

1
~N o0 AW

december 2008

Lm 30m
LM 30m
LM 30 m
LM (NIR) 30 m
LM (NIR) 30 m
Um (thermal) 60 m

m (MIR) 30m
15 m
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Vyuztie pasiemLandsat

 TM1 - mapovanie pobreznych vod, odlisenie pody od
vegetacie, listnatych a ikihatych lesov, LAND USE

 TM2 - rozliSenie zdrave] a poskodenej vegetacie

 TM3 - druhy vegetacie

* TM4 - hranice vodnych ploch, biomasa

« TM5 - odliSenie oblakov od snehu, vihKoggetacie,
vihkos’ pody

 TMY - hydrotermalne mapovanie, rozliSenie nerastov,
geologické mapovanie

« TM6 - termalne mapovanie, tepelny stav vegetacie,
geotermalne informacie
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Fotogaléria Landsat

http://landsat.usqs.qovP B e
a USGS »

v efuinignig ma i

b
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¥ E
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SPOT

 francuzska druzica
* monitorovanie Europy
e spolanog’ SPOT IMAGE, TOULOUSE

* l.generacia - SPOT 1 (21.2.1986)
» SPOT 3 (25.9.1993)

 ll.generacia -
* lll.generacia -
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SPOT1&5

Spot 5

Spot 4

Spot 1,2, 3
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SPOT 1,2,3

» vyske letu 832 km

* snimanie 87°s.g.S az 87°).9.S.

* Inklinacia 98,7°

» frekvencia snimania 26 dni (369 obletov)
« prechod rovnikom 10:39 miestneasu

 opticko-elektronicky skener
2 polia po 6000 CCD
8 bitova informacia

december 2008 PrehPad DPZ, snima&e DPZ



SPOT 1,2,3

 HRV (High Resolution Visible) - 2 x 6000 CCD

« skener HRV/PADPCM - SPOT PAN (Panchromatic)
e skener HRV/MLA - SPOT XS (Multispektral)

« PAN 0,51-0,73um 10x 10 m

» XS1 0,50-0,5um (G) 20x 20 m

« XS2 0,61-0,681m (R) 20x 20 m

. XS30,79-0,8m (NIR) 20 x 20 m

december 2008
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SPOT 4

« skener HRVIR (High Resolution Visible and Infra Red)
doplneny o 1,58-1,7pm

. PAN 0,51-0,73um 10 x 10 m
. XS1 0,50-0,59um (G) 20 x 20 m
. XS2 0,61-0,68:m (R) 20 x 20 m

. XS30,79-0,8um (NIR) 20 X 20 m
. XS4 1,58-1,75m (MIR) 20 x 20 m
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SPOT 5

2 skenery HRG (High Resolution Geometric)
e umiestnené vdi seba

g THR iTrés Hate Résahatior) =25 —3m
S,
IH'.'.'.'.I/ s
 PAN 0,51-0,73um 5X5mM resp.2,5x2,5m
« XS1 0,50-0,5um (G) 10x 10 m
« XS2 0,61-0,681m (R) 10x 10 m

. XS30,79-0,8um (NIR) 10 x 10 m
» XS4 1,58-1,75m (MIR) 20 x 20 m
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Multlspektralna soena SPOT

- 'ilr_. .
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Fotogaléria SPOT
http://www.Spotimage.fr ===z
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IRS

Indian Remote Sensing, Bangalore (IND
IRS-1C (28.12.1995), IRS-1D (29.9.199

* senzor PAN 0,50-0,/pm 5,8m
e senzor MS 0,52-0,59m 23 m
» 0,62-0,68um 23 m
»0,77-0,86um 23 m
» 1,55-1,7Qum /0m

IRS-P6 (17.10.2003)
. 0,52-0,59um, 0,62-0,68:m, 0,77-0,861m 5,8 m
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Fotogaléria IRS

http://www.isro.org/
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IKONOS

» spolanog’ Space Imaging (USA
¢ 24.9.1999

« vyska letu 680 km

* Sirka uzemia 11 km

* prechod rovnikom 10:30

 PAN 0,45-0,9Qum 1m
« MS 0,45-0,52um (B) 4m
e 0,52-0,60um (G) 4 m
* 0,63-0,70um (R) 4 m
e 0,76-0,85um (NIR) 4 m
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SenZcia IKONOS

e 30.9.1999 - Washington DC -1 obraz DPZs RS 1 m

¢ 10.4.2001 - Lingshui military airfeld, Tchajwan

¢ 12.9.2001 - WTC New York

¢ 1.2.2003 - STS Columbia (Texas, USA)

« 5.10.2003, 12.10.2003 - Jiuguan Space Center, China
 Bagdad, Madrid, ....

 LOH 2000, ZOH 2002, LOH 2004, ....
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2 CH-EG Blackhawk Proposed Site of WwII
Hellcupters E Memorial

magery (c) 1999 Space Imaging Corp.




IKONOS- 12.9.2002- WTC NewYork
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IKONOS-— OH 2000, 2002, 2004,
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Fotogaléria IKONOS
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EROS

* 5.12.2000

* spolanog’ ImageSat International N.V., Curacao,
Hol. Antily

 |srael Aircraft Industries Ltd.

« kamera NA3O - len PAN 0,45 - 0,90n 0,82-1,8 m

* |zraelské ministerstvo obrany

« vyhradné pravo na snimky v okruhu 2000 km od Izraelu
« EROS A (5.12.2000), EROS B (25.4.2006)
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Fotogaléria EROS

thttp://www.imagesatintl.com/ smmems

l.ﬁm[.ﬁ_ln&;\-'ﬂm'.;ﬁmlilﬁ:nl o
. | ‘,.-‘-_-
—F ISREHN Frarmili
] ||.|JI-J|:l|'|||r.

Image Eellery e spplicetion= h | Order imagery

I_lllllll ANr@ctive gl s
EROS B Peadarin ol serviton sew arallsbls
I_I.:iu.nlluluih_.l_l Frdirwarng tha

- o AR el i gl
s EELG B satelils 18 cperational . Products o servced ERCGE kmageSal
| ane iabary Froam e ree calellls are row avdilabs s e G
: Ciper rsbinp P e
L miere pheist ERCS B lamuek) 0P Pragran i
| cotiitls Esrhisie Fassan
: Demiano (EPOO)
| Cestnineer Suspeil Chekt here boosee the lainch |1|.|'I‘I||?‘r| -Er.\,u“u.-

i |1 G, G R Gl
| s iagary ues of s ERDS
I_H-!nhl-ﬂ.ﬂl. el e careie DV &
Asfmesd geagraphi
feaxign il Tradughin
urirpie 50F and EPOO
PICe iR, L R TRl
AT A comfiile
% F 3 Ul DT O 5, 3 B
Faniln o amd : : rm ram w highr
l-"'l"f‘ili'l fram ERlrs ol * TG U TR T L]
Y : capabiiy To leam
i Dl T S0 F
Fragram, ciick e in
0 W, e i Sl
offers aney
Ak Tk kb P
on Cemand [EPCET
1D S w i Ui W be
Hw aple coevalar ot he
SuElik camaig
wihin m ==l whi=

I_Irlllﬂl.ll

| Cormaes i warpiniball Vislpasn, Busky

ot | HesS e o .'iflﬂl“?!'.—.lu- |h—mompw |H]I‘rﬁuﬁal-rlhd.|'|ﬁ.hntﬂﬂm | i Jwvecones o Gen ||:_‘:|m-m:.-r|-n_ af ‘jjﬂllﬂ.ii 1612200 ¥

december 2008 PrehPad DPZ, snima&e DPZ



QuickBird 2

e 18.10.2001

« Digital Globe, Longmont (USA)
» vyska letu 450 km

e prechod rovnikom 10:30

* orbita 98,2°, obeh 93,5

« kamera Ball High Resolution Camera (BHRC 60)

. PAN 0,45-0,9Qum 0,61 m

- MS 0,45-0,52um (B) 2.5m
« 0,52-0,60um (G) 2.5m
« 0,63-0,69um (R) 2.5m
e 0,76-0,90um (NIR) 2.5m
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Fotogaléria QuickBird

http://www.digitalglobe.com/======== ‘m

e

DIGITALGLOBE

s | | ARITUT LN

g mal T g Pl Fly b
ey el LT Sk A B
& 5 P

e il - WS e
Wl iy P B o s
Flowwes Faaes Boem

L sl

| [ THE DIGITAMGLOBE GNLINE STORE: Your Planst Onling®

] T x -

SAABBARITT G‘-.. pettyimages  (GOX 'u_'gi_l.‘

e
ot (8w E ST Elrocs corens .|f|‘iﬂ.|.9'i.-ﬁ v | Bt po | gl pote | B e pen 3 | B Yo | @ pedren s T8 ettt WP IR uam

december 2008 PrehPad DPZ, snima&e DPZ



OrbView3

26.6.2003

Orbital Imaging Corp., Dulles, VA (USA
vyska letu 470 km

« prechod rovnikom 10:30 miestneasu

« kamera OrbView High Resolution Imaging System (OHRIS

 PAN 0,45-0,9Qum 1m
« MS 0,45-0,521m (B) 4m
e 0,52-0,60um (G) 4 m
* 0,63-0,70um (R) 4 m
e 0,76-0,90um (NIR) 4 m
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Fotogaléria OrbView
hitp://www.geoeye.com/
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Chunghua?

« 20.5.2004
« spolanog’ National Space Program Office, Hsin-Chu,
Tchajwan
« vyska letu 891 km
 PAN 0,45-0,9Qum 2 m
« MS 0,45-0,521m (B) 8 m
e 0,52-0,60um (G) 8m
* 0,63-0,69um (R) 8m
e 0,76-0,90um (NIR) 8 m
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Fotogaléria Chunghua
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KOMPSAT 2

- 28.7.2006 G

« KOMPSAT = Korea Multi-Purpose Satelite
* spolanog’ Korea Aerospace Research Institute, Taejon
« vyska letu 685 km

« PAN 0, 50-0,9Qum 1m
« MS 0,45-0,5um (B) 4 m
e 0,52-0,60um (G) 4 m
e 0,63-0,69um (R) 4 m
e 0,76-0,90um (NIR) 4 m
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Fotogaleria KOMPSAT

https://www.kari.re.kr/

Be BB mw Fpuwe Wk b

WMot (] 0w @ ST | s oo 6 | o 158 19505 10~ FUTTY| TEikcrmeott PoemiPoen | B D Py v e | i woess tomrszncn o[ e ermante-2.  WPUEE TG o

december 2008 PrehPad DPZ, snima&e DPZ



GeoEyel

« kamera GISGeoEyel magingSyste
* 6.9.2008, vyska letu 670 km, stme synchréonna
* spolanos’ Geokye, Dulles, VA (USA)
 dva riadkove CCD — PAN 35 000 px, MS 9300 px
— PAN 0,45-0,9Qum
— MS 0,45-0,521m (B)
e 0,52-0,60um (G)
e 0,625-0,695um (R)
« 0,76-0,90um (NIR)
» _doteraz najvyssie rozliSenie
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Fotogakria GeoEyel
http://www.geoeye.com
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° ... VYVOj pokréuje

e Sasnos 2 silni hrai
— Digital Globe, Inc.— Quick Bird 2, WorldView-1
- Geokye, Inc.— lkonos 2, OrbView 3, GeoEye 1 (OrbView 5)

ostatni
—ImageSat— EROS A, EROS B

- National Space Program Office- Chunghua 2
— Korea Aerospace Research Institute- KOMPSAT 2
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Spionédne drufice

e prisne utajované projekty

* najnovsie, najdrahsie technologie

 druzice KH-12/13 — program 8X, pomenovany
Enhanced Imaging Systém

* technoldgia stealth (neviditeog’)

 Siroke zorné pole

* viditeI'né, infatervené spektrum, radar s RS 4-10 cm
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Rozdelenie satelifich sysémov

« 1. systemy s hrubim rozliSenim 500 -1500 m
— NOAA, METEOSAT

e 2.systéemy so strednym rozliSenim 10 - 500 m
— LANDSAT MSS, TM, ETM+

« 3. systémy so vysokym rozlisenim 1-10m
— SPOT, IRS, IKONOS, EROS, QuickBird 2, OrbView 3,....
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Vyuztie druzic s vysoyim rozisenim

» kartografia, terenne mapovania 1:10 000 az 1:25 000
» predpovede Urody v fnohospodarstve

 vyuzitie krajiny, uzemné planovanie (Land Use / Land
Cover), dynamika miest, infrastruktura

« vodohospodarstvo, iiea sie

 |esnictvo, rast lesa, poskodenie

* pobrezne zony, koraly, bahenné plochy, zasolené oblast
» geologicke a geomorfologické mapovanie

* GIS aplikacie
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Aktivne snimace DPZ
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Aktivne a paé/ne systmy

1- pasivne — prirodzené ziarenie
2 — aktivne — umelé ziarenie

T

/TN 1 _ .;;;-:-;;i,,-;;ﬂi,-
J
M am
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Aktivne srimace DPZ

— T

Radar Laser
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Objav radaru

— Nemec Christian Hulsmeyer (1904) -
zist'ovanie vzdialenych kovovych
predmetov pomocou elektrickych \In

- slava — Skét Robert Watson-Watt (1935)

- skumal ako letcom pomoO€ najst’
bliziace sa burky

— bitka o Britaniu (1942) — porazka
nepriatela s 3x v&sSim pattom lietadiel

- 1947 — paSeraci — Temzsky zaliv — hmla,noc
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Radar v DPZ

— aktivny snimat, digitalny, obrazovy snima
- nevadi tma, dazl’, snehad

- A od 1 do 800 mm mikroviny
- dlhsSie A - lepsi prienik atmosférou

- horsia rozlisovacia schopno

Pasmo A f [MHZz]
X 2,4 -3,8cm 8000 - 12500
C 3,8-7,5cm 4000 — 800Q oA
L 15 -30 cm 1000 - 2000

december 2008
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Radar v DPZ
— nizsie rozlisenie ako LMS
- Radio Detection And Ranging

- princip — vysielanie do stran
- odraz — prijatie radarom
- postup sa opakuje
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Radarovy obraz
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0V obraz

Radar

Rwanda
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Na porovnanieLandsat

P %
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Radarowy obraz

New Orleans

i
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0V obraz

Radar
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Vyhody radaroeho srimania

— zlozitejsi vznik obrazu ako u LMS

- nezavisly od dennej doby, péasia

- potrebny vlastny zdroj energie

- obmedzena zivotno

- niekolko vinovych dizok

- prienik pod zem — dlhsie vinové dzky
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Prienik mikrovin

Prienik mikrovinA =3 az15cm :

povrch prienik do tbky
sladka voda mm az cm

cisty 'ad 1 maz 100-ky m
morskylad cmazlm
sucha poda cmazm
mokra poda cm az cm
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JazerovVostok

Antarktida
- pod 4000 m hrubou vrstvouladu

- ukryté pod Padom min. 420 000 rokov
- hibka 670 m, plocha 14 000 k#h

- objav 1996- radar
- 250 x 50 km
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Vyudtie radarowho obrazu

— kartografia — oblaéné oblasti

geologia — geologické mapovanie
hydroldgia — podna vihkog’, povodne,
sneh

pol’nohospodarstvo — kultlry

lesnictvo — holoruby, poziare
oceanologia — tvar, smer In, znefistenie
obrana, NATO, ...
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Radaroe snimacie systmy

— Radarsat-1 (1995), RS 8 az 100 m

- Radarsat-2 (12.2007), RS 3 m

- ERS 1 (1991), RS 10 m

- ERS 2 (1995)

- Envisat (2002), najv&Sia druzica DPZ

- JERS (1992)

- ALMAZ (1991)

- STS-59, STS-68, STS-99
(Endeavour OV-105)
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Radarsat
— kanadska druzica

~olar Panels

Bus Module

Solar Nanels

&

S B
Structure (ESS) ﬂ‘}' e

SAR Antenna

fotogaleria
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ERS

— europske
druzice
- ERS1, ERS?2
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Envisat

— europska
druzica
- 8217 kg

o e— DRS (Artemis) Ka—band Arterma

SOIAMACHY

Prehrad DPZ, snima&e DPZ
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JERS

— Japonska druzica
- 2001 — zanik nad Atlantikom

MDT (Misdian Data Trarsmitter) Arierma  H-band)
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ALMAZ

— sovietska druzica

- 1992 - zanik

Prehrad DPZ, snima&e DPZ
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Misia STS99
— zmapovanie 80% Zeme (11.2.2000-22.2.2000)
- radar SRTM, 3D udaje
- data 15 000 CD, 11 trilion merani

SATM resolution ¥
USGS 30 m data ol e

o R
; G .. ! y - Ty
g i o A I i
r g‘p f (4% Lt i" L ¥ Loy
P = Lk 1",' Fo R AT
R i - Fe (e Tl 5w A
ol F.i-' 5 " i t T S e g F
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Best existing global map
USGS GTOPO30 1 km data set
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Misia STS99

Mast Canister

Mast

o X-band

e Cuthoard
B Antenna
By
- radar X W, silkstool
e ;.,'.-‘# y

- radar C ¥-band Outboard Antenna ==
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) - Lidar
— |leteckeé laserove skenovanie

- LADAR (LAser Detection And Ranging )
- LIDAR (Light Detection And Ranging)

- laser (Light Amplification by the Stimulated
Emission of Radiation) - zosibvanie svetla
stimulovanim emisii ziarenia

- m,, <10 cm, m<10 cm

- presna, rychla a univerzalna meracia technika v
poslednom 10-r&@

december 2008 PrehPad DPZ, snimae DPZ



Lidar

— spojenie DGPS, INS a diBkomera

- svetelny vysiel& impulzov
- len lietadla

- 1 hodina merania = 1 dé vyhodnotenia
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Lidar

— prienik cez riedku vegetéciﬁﬂr
- zber bodov georeliefu
- tvorba DTM

- h <1000 m
- hustota skenovania (I
100 000 bodov / ki i
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Vyuzitie lasero¥ho skenovania

— Uzemie husto pokryté objektami
- mobilni operatori

- architektura

- modelovanie povodni

- elektrikari

- lesnici

- prirodné havarie
- meteorologia

- podzemné stavitéstvo, ....
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Vyutitie lasero¥ho skenovania

Lichtraumanalyse

A FVTY B -
e b A 0 L Bemis o Em B S — L e, T

i a7 BT T | 7P Fun i S
e el | A

km 19.090/130 ~“~F

Banskostiavnicky tunel (2006)
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Ziskavanie udajov DPZ
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Pévodudajov

1. mat’ vlastné lietadlo - satelit

2. zapoztat’ od vlastnika -
distributora

december 2008 PrehPad DPZ, snimae DPZ



Letecle snimky

Doba spol@ného Cesko-
Slovenska — len armada

- vojensky topograficky ustav
Dobruska

- Topog.ustav Banska Bystrica
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Leteclé snimky

Dnes
- firmy Geodis a.s. Brno

- firma Eurosense s.r.o.
Bratislava
- Ini ....
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Leteclé snim
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Satelitré zaznamy

archiv SAZP BB
- Landsat, Spot

prevadzkovatd’ druzic -
distributor
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Satehtne zaznamy
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Na zaver
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Zaznamy DPZ nanternete

Google http://maps.google.com/
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Zaznamy DPZ nanternete
httg [/maps.live. com/
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ViziaMicrosoftu

- len letecké snimky, nie druzicové obrazy

- cely svet RS 0,15 m = 22 Peta Byte
- textury domov, ulic RS 0,02 m
- Interiéry RS 0,005 m
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Zaznamy DPZ nanternete

_» SLOUEHSKT MAPOUY PORTAL

http://mapy.atlas.sk/
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Zaznamy DPZ nanternete
Podiny P ﬁ&rtéﬂl
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