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Globalni systém meteorologickych druzic
(stav: 2011)
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GEOSTACIONARNI DRUZICE




Druzice na geostacionarni (geosynchronni) draze

zkracené GEOSTACIONARNILI DRULICE

Polomér kruhové drahy: 42 168 km  sklon drahy: O
vyska drahy nad zemskym povrchem na rovniku ~ 35 790 km
doba obéhu druzice kolem Zemeé totozna s dobou rotace Zemé

druzice zdanlivé ,,pevné visi" nad urcitym mistem na zemském
povrchu

Martin Setvak



Geostacionarni druZice

e prvni myslenky na vyuziti geostacionarni drahy pro
umisténi umeélych druzic Zeme - 20. léta 20. stoleti
(jak na urovni védecko-fantastické literatury, tak
v odbornych clancich)

e 1945 - Arthur C. Clarke pisemné formuluje myslenky
na vyuziti geostacionarni drahy pro telekomunikacni
druzice, explicitné se zminuje i o vyuziti téchto druzic
pro ucely meteorologie



Geostacionarni druZice

e 1966 - prvni experimentalni meteorologicka druzice na
geostacionarni draze (ATS-1)

e 1974 - start prvni operativni meteorologické druzice na
geostacionarni draze (SMS-1)

e 1977 - start prvni japonské (GMS-1) a prvni evropskeé
(Meteosat-1) meteorologické druzice na geostacionarni draze

e 1994 - start prvni ruské meteorologické druzice na
geostacionarni draze (GOMS-1)
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Geostacionarni druZice

GOES 8 - 15

Meteosat / MSG
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Geostacionarni druZice

MSG Meteosat 7
0°, 9.5°E 57° E
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Mozaika snimkd z geostacionarnich druzic

Naval Research Lahoratory
Hultisat IR 0900Z
11724711
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Zdroj a aktuadlni mozaiky: NLR
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http://www.nrlmry.navy.mil/sat-bin/display10.cgi?SIZE=thumb&PHOT=yes&AREA=global/stitched&PROD=ir&NAV=global&DISPLAY=Latest&CGI=global.cgi&CURRENT=20111121.0900.multisat.visir.bckgr.Global_Global_bm.DAYNGT.jpg&MOSAIC_SCALE=15

Mozaika snimkd z geostacionarnich druzic

multisat VIS/IR {Day/Night) 11/24/11 0900Z Naval Research Lab M

90w

Zdroj a aktuadlni mozaiky: NLR
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http://www.nrlmry.navy.mil/sat-bin/display10.cgi?SIZE=thumb&PHOT=yes&AREA=global/stitched&PROD=ir&NAV=global&DISPLAY=Latest&CGI=global.cgi&CURRENT=20111121.0900.multisat.visir.bckgr.Global_Global_bm.DAYNGT.jpg&MOSAIC_SCALE=15

@& EUMETSAT

Druzice Meteosat,
resp. MSG

Wimiy
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@& EUMETSAT

European Organisation for the Exploitation of Meteorological Satellites
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& EUMETSAT

European Organisation for the Exploitation of Meteorological Satellites

- listopad 1977 - vypusténi druzice Meteosat-1 organizaci ESA
- leden 1981 - rozhodnuti o zfizeni nezavislé organizace EUMETSAT
- brezen 1984 - zfizeni sekce EUMETSAT uvnitf ESA

- 19. 6. 1986 - osamostatnéni organizace EUMETSAT, 16 ¢lenskych statd, sidlo v
némeckém Darmstadtu

Martin Setvak



@& EUMETSAT

European Organisation for the Exploitation of Meteorological Satellites

listopad 1977 - vypusténi druzice Meteosat-1 organizaci ESA
- leden 1981 - rozhodnuti o zrizeni nezavislé organizace EUMETSAT
- brezen 1984 - zrizeni sekce EUMETSAT uvnitr ESA

- 19, 6. 1986 - osamostatnéni organizace EUMETSAT, 16 ¢lenskych statd, sidlo v
némeckém Darmstadtu

- unor 1992 - prvni formalni smlouva (o vyuzivani dat) uzavfena se statem mimo
organizaci EUMETSAT - CSFR, uzavrena s CHMU a SHMU

- biezen 2005 - CR spolupracujicim statem
- podzim 2008 - zah&jeni jednani o zméné &lenstvi CR ze spolupracujiciho na piné
- derven 2009 - podpis smlouvy o zméné ¢lenstvi CR ze spolupracujiciho na plné

- kvéten 2010 - Ceska republika plnym élenem organizace EUMETSAT

Martin Setvak



& EUMETSAT

European Organisation for the Exploitation of Meteorological Satellites

Clenské a
spolupracujici staty

(listopad 2011)
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Vice informaci k historii i sou¢asnosti EUMETSATu: http://www.eumetsat.int



http://www.eumetsat.int/
http://www.eumetsat.int/

@& EUMETSAT Clenstvi Ceské republiky

zivotniho prostredi
pliky

Praha, 22. 6. 2009
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@& EUMETSAT Clenstvi Ceské republiky

Clenské poplatky: vypoditavaji se z HDP daného statu, jsou odvozeny
z celkového rozpoctu EUMETSATuU. V soucasnosti (listopad 2011) tvori
clensky prispévek CR 0,81% celkového rozpoc¢tu EUMETSATuU.

Roc¢ni poplatek za plné ¢lenstvi CR: (platné pro 2012).
Postupné bude narlstat v souvislosti s novymi programy, napi. MTG
a EPS-SG. Plati MZV.

Vstupni poplatek za plné clenstvi: trojnasobek rocniho poplatku za
plné clenstvi, snizeny o c¢astku jiz zaplacenou danym statem jako
poplatky za spolupracujici Clenstuvi.

V pripadé CR tento poplatek Cini cca 5 mil. EUR (splatny ve ctyrech
rocnich splatkach). Plati MZP.
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Meteosat Second Generation (MSG)

MSG-1: 28.8. 2002 22:45 UTC
(Meteosat 8)

MSG-2: 21.12. 2005 22:33 UTC
(Meteosat 9)

MSG-3 ... 2012/06-07 (Meteosat 10)

MSG-4 ... 2015/02 (Meteosat 11)

Planovana zivotnost systému MSG:
priblizné do roku 2020

Od roku 2017 nastup treti generace
(Meteosat Third Generation, MTG)

Martin Setvak



Meteosat Second Generation (MSG)

Meteosat druhé generace Meteosat prvni generace
(Meteosat 8, 9, 10 a 11) (Meteosat 1 az 7)

e 12 channels enhanced
imaging and pseudo
sounding radiometer.

* 3 channels imaging
radiometer

[\

* 100 rpm spin
stabilized body

*100 rpm spin stabilized
body

')

« Bi-propellant unified | " | * Solid apogee boost moto
propulsion system I

e 200W power demand

* 500W power demand

: e 720 kg in GTO
e 2000kg in GTO

* Design compatibility with ' * Flight quaﬁﬁ?d with
Ariane 4 (spelda 10) & Ariane 5 : Delta 2914, Ariane 1-3-4




Meteosat Second Generation (MSG)

Meteosat (1. generace)

Visible/NIR/SWIR channels
IR window

IR Water Vapour absorption
Other IR absorption channels
Sampling distance

Radiometric Resolution
Image Repeat Cycle
Raw Data Rate

Data Collection System

Primary Dissemination
Secondary Dissemination
Meteorological Data Distribution
DCP Retransmission System

1

1

1

0

Vis: 2.5 km

IR: 5 km

0.4K

30 min

333 kbps

33 regional 0.1 kbps
33 international
HRI: 166 kbps
WEFAX: analogue
MDD: up to 4x2kbps
DRS: 12.5 kbps

2

Vis: 3km /HRV: 1 km
IR: 3 km

0.25K

15 min

3200 kbps

210 regional 0.1 kbps
40 international + 210
HRIT: 1000 kbps
LRIT: 128 kbps

(data in LRIT)

(data in LRIT)

Rozliseni pro oblast CR:

6x9 km (IR, WV)

4x6 km (vSe kromé HRV)
2x3 km pro HRV




Meteosat Second Generation (MSG)
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Meteosat Second Generation (MSG)
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Meteosat Second Generation (MSG)

Optique CSG.

"\ ©2002 ESA - CNES / Photo Service
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Meteosat Second Generation (MSG)
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Francouzska Guayana, Kourou; Ariane 5
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Meteosat Second Generation (MSG)
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Meteosat Second Generation (MSG)
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Meteosat Second Generation (MSG)

Prvni snimek z MSG-1
28.11.2002

L% Martin Setvak
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Meteosat Second Generation (MSG)

2010 2011 2012 2013 2014 2015 2016 2017
JFMAMIJASOND JFMAMIJASOND JFMAMJJ&SOND:

Met-9 drift start (|

t Met-10 drift start
Met-10 drift stop Met-11 drift stop
Met-10 is prime Met-11 is prime

:e:-g :’" ft 5‘3"!) Met-9 drift start/RSS stop
6t-3 In stand-by Met-10 drift stop/RSS start

R —

Poloha jednotlivych druzic Meteosat na obézné draze (stav a plany k listopadu 2011).




Meteosat Second Generation (MSG)

SBANDTTC

S/LBAND TPA

UHF BAND EDA

L BAND EDA

ANTENNA

UPPER STRUTS

SEVIRI TELESCOPE

MAIN PLATFORM

SOLAR ARRAY

LANT TANKS

LOWER CLOSIN




TELESCOPE
PRIMARY MIRROR

SCAN MECHANISM

CALIBRATION UNIT

TELESCOPE
M 2/3 MIRRORS

SUNSHIELD

TELESCOPE
- STRUCTURE

SCAN MIRROR

SPACECRAFT
INTERFACES

FOCAL PLANE
OPTICAL BENCHES

PASSIVE COOLER

SEVIRI BAFFLE (and COVER

JPPER STRUTS

SEVIRI TELESCOPE

MAIN PLATFORM




TELESCOPE
PRIMARY MIRROR

SCAN MECHANISM

CALIBRATION UNIT

TELESCOPE
M 2/3 MIRRORS

SUNSHIELD

pramér primarniho zrcadla: 500 mm

SEETY

TELESCOPE
STRUCTURE

SCAN MIRROR

SPACECRAFT
INTERFACES

FOCAL PLANE
OPTICAL BENCHES

’ e PASSIVE COOLER

HHATRA baROGHID 55400

SEVIRI
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TELESCOPE
PRIMARY MIRROR

SCAN MECHANISM

CALIBRATION UNIT

TELESCOPE
M 2/3 MIRRORS

SUNSHIELD

TELESCOPE
STRUCTURE

SCAN MIRROR

SPACECRAFT
INTERFACES

FOCAL PLANE
OPTICAL BENCHES

Princip snimani obrazovych dat

Martin Setvak




Snimani obrazovych dat — zakladni rezim (15 minut):

zacatek snimku (od jihu k severu) vzdy v 15., 30., 45. a 60. minuté;

nasnimani celého zemského disku za 12 minut;

3 minuty na navrat pristroji do vychozi polohy a stabilizaci druzice;

oblast CR snimana vzdy o cca 10 minuty pozdéji nez je , hlavickovy éas" snimku

MSG
18° (0.314 radians)

Satellite —>
spin axis

NS ?Pl‘b it Whole disc is covered
- by 1250 steps

-~
-
-

Rozmér snimku: 3712 x 3712 obr. bod{, resp. (HRV) 11136 x 5568 obr. bodu

Martin Setvak



Snimani obrazovych dat — Rapid Scan Service (RSS)

- snimani kazdych 5 minut, pouze ¢ast zemského disku (15° az 70°N)

v soucasnosti Meteosat 8 (MSG-1), umistény na 9.5°E

experimentalni charakter sluzby

v pripadé problémd Meteosatu 9 piebira jeho funkci (snimdani po 15 minutach, cely disk)

pravidelné odstavky sluzby (2 dny kazdy mésic, a priblizné 1 meésic koncem roku)

Martin Setvak



Spektraini kanaly pristroje SEVIRI

kanal 01 VIS 0.6 0.56 - 0.71 ym
kanal 02 VIS 0.8 0.74 - 0.88 ym
kanal 03 IR 1.6 1.50 - 1.78 um

| kanal 04 IR 3.9 3.48 - 4.36 ym
kanal 05 WV 6.2 5.35-7.15 um
kanal 06 WV 7.3 6.85 -7.85 um
kanal 07 IR 8.7 8.30 - 9.10 um
kanal 08 IR 9.7 9.38 - 9.94 um
kanal 09 IR 10.8 9.80 - 11.80 um
kanal 10 IR 12.0 11.00 - 13.00 um
kanal 11 IR 13.4 12.40 - 14.40 pm
kanal 12 HRV 0.5-0.9 um

solarni kanaly



kanal 01
kanal 02
kanal 03
kanal 04
kanal 05
kanal 06
kanal 07
kanal 08
kanal 09
kanal 10
kanal 11

kanal 12

Spektralni kanaly pristroje SEVIRI

kOkO\I\I-bI—*OO
kDI—Lml—*bd\ICD\I
AP OUTUIO OO -
T C T T T T TT
33333333

OOOOU'IU'IOOO-PO\

0.
0.
1.
3.
5.
6.
8.
9.
9.

0O WwWwoowhu U

—11 80 um
11.00 - 13.00 pm
12.40 - 14.40 pm

0.5-0.9 um

viditelné a blizké IR pasmo

mikrofyzikalni kanaly

pasmo absorpce vodni parou

pasmo absorpce 03

kanaly atmosférického okna

pasmo absorpce CO2

viditelné a blizké IR pasmo

Martin Setvak
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0.6 pm

}
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0.8 pm
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1.6 pm
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3.9 um
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Prenos dat MSG ke koncovym uZivateliim:

... plny tok vsSech dat

(High Rate Information Transmission)
... pouze cast dat

LRIT (Low Rate Information Transmission)

- charakteristika dle obsahu, nikoliv zptsobu pFenosu dat

EUMETCast (zpusob prenosu dat):
prenos pres komercni telekomunikacni druzice, format (metoda)
Digital Video Broadcasting - DVB

jak HRIT a LRIT, tak rizné odvozené produkty, rovnéz data z jinych
druzic (jak geostacionarnich, tak na polarnich drahach), aj.



koncovyim uzivateldm:

Systém EUMETCast - vyuziti komercnich telekomunikacnich druzic
EuroBird 9 (Ku-pasmo), Atlantic Bird 3 (C-pasmo) a NSS806 (C-pasmo)

EUMETCast Europe
EB-9, Ku-Band

EUMETCast Africa
AB-3, C-Band

EUMETCast Americas
NSS 806, C-Band

Podrobnosti ohledné prenaseného obsahu viz
http://www.eumetsat.int/Home/Main/Access to Data/Delivery Mechanisms/SP 1117714355151



http://www.eumetsat.int/Home/Main/Access_to_Data/Delivery_Mechanisms/SP_1117714355151
http://www.eumetsat.int/Home/Main/Access_to_Data/Delivery_Mechanisms/SP_1117714355151
http://www.eumetsat.int/Home/Main/Access_to_Data/Delivery_Mechanisms/SP_1117714355151
http://www.eumetsat.int/Home/Main/Access_to_Data/Delivery_Mechanisms/SP_1117714355151
http://www.eumetsat.int/Home/Main/Access_to_Data/Delivery_Mechanisms/SP_1117714355151
http://www.eumetsat.int/Home/Main/Access_to_Data/Delivery_Mechanisms/SP_1117714355151
http://www.eumetsat.int/Home/Main/Access_to_Data/Delivery_Mechanisms/SP_1117714355151
http://www.eumetsat.int/Home/Main/Access_to_Data/Delivery_Mechanisms/SP_1117714355151
http://www.eumetsat.int/Home/Main/Access_to_Data/Delivery_Mechanisms/SP_1117714355151
http://www.eumetsat.int/Home/Main/Access_to_Data/Delivery_Mechanisms/SP_1117714355151
http://www.eumetsat.int/Home/Main/Access_to_Data/Delivery_Mechanisms/SP_1117714355151

Prenos dat MSG (a MetOp) a produktd ke koncovym uZivatelim:

SATELLITE
APPLICATION
FACILITIES

Martin Setvak



e ,surova data" produkovana radiometrem druzice (SEVIRI), bez
jakychkoliv oprav a rtznych korekci, pfijimana a archivovana pouze
v fidicim centru EUMETSATuU v Darmstadtu

e primarni data odvozena ze surovych dat (L1.0), korigovana jak radiometricky,
tak geometricky pro polohu druzice na nominalni poloze 0 E (resp. 9.5°E pro

RSS) a 0 N, doplnéna o kalibracni informace, 10-bitova reprezentace kazdého
spektralniho kanalu;

e data distribuovana systémem HRIT (DVB/EUMETCast) nebo prostrednictvim
internetu, uréena pro stanice typu HRIT >>> zdakladni format dat pro bézné
uZivatele (resp. pro dal&i odborné zpracovani, napf. v rdmci SAFQ)

e meteorologické & jiné produkty odvozené z ,level 1.5" dat a dal$ich zdroju



... rtizné kompozitni RGB snimky, sendvic¢ové
produkty, nebo slozitéji zpracovana data ...

RGB snimky a sendvicové produkty - vytvorené kombinaci rdznych
kanald tak, aby zvyrazriovaly urcity jev, usnadriovaly jeho detekci;
napr. zakladni klasifikace typG oblacnosti, mikrofyzika oblacnosti,
detekce prachovych bouri, odliseni vzduchovych hmot (dynamika
atmosféry), detekce snéhové pokryvky, nocni detekce mlh a nizké
oblacnosti, aj. Urcené primarné pro subjektivni vyuziti (prohlizeni
,o0kem").

Meteorologické odvozené produkty — kombinaci druzicovych dat,
pfipadné dalsich podpdrnych ¢i dopliikovych dat vytvorené riizné
tematicky zamérené produkty, zpravidla urcené pro dalsi pocitacové Ci
statistické vyuziti, nikoliv pro subjektivni ,prohlizeni okem" ... napr.
produkty jednotlivych SAFQ.

Prehled vsech produkti generovanych EUMETSATem viz:
http://www.eumetsat.int/Home/Main/DataProducts/ProductNavigator/
http://www.eumetsat.int/Home/Main/DataProducts/Atmosphere/



http://www.eumetsat.int/Home/Main/DataProducts/ProductNavigator/
http://www.eumetsat.int/Home/Main/DataProducts/Atmosphere/

Priklad RGB produktu — tzv. “airmass” RGB produkt

Martin Setvak



Priklad RGB produktu — detekce (saharskych) pisecnych boufi:

v f s ‘ > . v f f : . ;' g s ) g 4 e
Martin Setvak



Priklad ,sendvicového” produktu SEVIRI - kombinace HRV a IR snimku, silna konvektivni boure:
| S A L 07/ 13/ 2011 18: 35
! R 0 13

. - -

Martin Setvak



EUMETSAT Data Center http://archive.eumetsat.org/umarft/

& EUMETSAT

" Query and Order

N

Generic Attributes

Tree Management

limate Data Set in BUFR

ud An

Sub Sat Longitud

Overall Qusality



http://archive.eumetsat.org/umarf/
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Archivace dat MSG:

Celkovy objem prijimanych a archivovanych 15-min. dat:

Prijem: format HRIT, po dekompresi celkem: 430 MB dat kazdych 15 rinut
41 GB dat za 24 hodin

Archivace: nejsevernéjsi 3/8 celého snimaného disku (vSechny kanaly),
komprese (GZ), pak cca 50 az 60 MB dat kazdych 15 minut
(den), resp. cca 30 MB (noc) - bez "solarnich" kanall, format
XPIF a zpracované snimky

02

- denni objern archivovanych dat: cca 3.5 G

Celkovy objem archivovanych RSS dat:

Archivace: komprimovany format HRIT, zpracované snimky

= denni objern archivovanych dat: c€ca 13 GB

Martin Setvak



Archivace dat MSG:

2006/11/23 12:00

Geograficke vymezeni oblasti trvale archivovanych 15-minutovych dat

#1® Martin Setvak



Meteosat treti generace
Meteosat Third Generation

MTG

¥ Martin Setvak



MTG - Meteosat Third Generation @& EUMETSAT

MTG=-X ... MTGImager predpoklad: 2018, celkem 4 druzice
MTG=-E ... MTG Sounder predpoklad: 2019, celkem 2 druzice

.  Martin Setvak



MIG - Meteosat Third Generation

MTG=-Amager
pristrojové vybaveni: Flexible Combined Imager (FCI)

Lightning Imager (LI)

konfigurace druzic: na obézné draze vzdy alespor dvé provozni druzice soucasng,
jedna provozujici FCI v zakladnim Full Disc Scan (FDS, 10 minut),
druhd v Regional Rapid Scan (RRS, 2.5 minuty) skenovacich cyklech
MTG-Sounder
pristrojové vybaveni: Infrared Sounder (IRS) - hyperspektralni sondaz atmosféry

Ultraviolet Visible Near-infrared spectrometer (UVN)

konfigurace druzic: na obézné draze operativni vzdy pouze jedna druzice



MTG=X (Imager) ... Flexible Combined Imager (FCI)

oznaceni kandlu | stfedni vinova délka | rozliSeni (nadir)

VIS 0.4 0.444 pm 1 km

VIS 0.5 0.510 um 1 km

VIS 0.6 0.640 pm 1 km FDS / 0.5 km RRS
VIS 0.8 0.865 pm 1 km

VIS 0.9 0.914 pm 1 km

NIR 1.3 1.380 um 1 km

NIR 1.6 1.610 um 1 km

NIR 2.2 2.250 pm 1 km FDS / 0.5 km RRS
IR 3.8 3.800 pm 2 km FDS / 1.0 km RRS
WV 6.3 6.300 um 2 km

WV 7.3 7.350 pm 2 km

IR 8.7 8.700 pm 2 km

IR 9.7 (03) 9.660 pum 2 km

IR 10.5 10.50 pm 2 km FDS / 1.0 km RRS
IR 12.3 12.30 pm 2 km

IR 13.3 (CO2) 13.30 um 2 km




Geostaciondrni druzice USA NOAA/GOES (GOES-8 aZ GOES-15)

Martin Setvak
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GOES I-M Imager:

Telemetry & Commaond

Antenna /— Earth Sensors

Search & Rescue ,// /(— izg:ﬂjcmive

Anfenna

S-Band Transmit
Antenna

Scunder Cooler
/ Sounder

Imager

= Soler Sail 7
< \ bt

1
\
'— Imager Cooler

b

Mognetometer —_

XRay Sensor

UHF Antenna

26.9m

kanal (vinova délka) rozliSeni (v nadiru)
0.55-0.75 pm (VIS) 1 km
3.80-4.00 um (NIR) 4 km
6.50-7.00 pm (WV) 4 km
10.2-11.2 ym (IR window) 4 km
11.5-12.5 ym (CO2) 8 km

Zakladni parametry druzice:

- velikost: 2.0x 2.1 x2.3 m
- solarni panel: 4.8 x 2.7 m
- vaha pri startu: 2100 kg

GOES—12
Scale
(ON)

1023

SXI=0 TST Raw 871

895.

767.

639,

511.

383.

255.

127.

0.00

1.000s 585V

21:04:25 UTC 07 Sep 2001 OPEN
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MAGN;gngTER L REACTION
GOES NOP Imager:
kanal (vinova délka) rozliSeni (v nadiru)
0.52-0.71 uym (VIS) 1 km
3.73-4.07 pm (NIR) 4 km

e 5.70-7.30 pm (WV) 4 km

10.2-11.2 ym (IR window) | 4 km
13.0-13.7 um (CO2) 4 km (8 km pro GOES-N)




Geostacionarni druzice NOAA/GOES (USA)

Aktualni stav (prosinec 2011) - operativni druzice:

e GOES 13 (GOES-East), 75 W

e GOES 11 (GOES-West), 135 W

e GOES 12 ... Jizni Amerika, 60° W

e GOES 14 ... zalozni, hybernovan na obézné draze, 105° W

e GOES 15 ... zalozni (89.5° W)

Vice k druzicim NOAA GOES-8 az GOES-15:

http://goespoes.gsfc.nasa.gov/goes/index.html

http://www.0s0.noaa.gov/goes/index.htm

http://www.goes.noaa.gov/

Martin Setvak
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GOES-R ... geostaciondrni druZice NOAA a NASA pristi (treti) generace

- predpokladany start koncem r. 2015
- plné operativni od roku 2017
- predpokladana zivotnost do r. 2025

Martin Setvak



GOES-R ... geostaciondrni druzZice NOAA a NASA prFisti (treti) generace

predpokladany start koncem r. 2015
plné operativni od roku 2017
predpokladana zivotnost do r. 2025

bude nasledovat jesté obdobna
druzice GOES-S (start 2017,
operativni od roku 2020,
predpokladana zivotnost do r. 2028)

Martin Setvak
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Zakladni pristrojove vybaveni druzice
- Advanced Baseline Imager (ABI)

- Geostationary Lightning Mapper (GLM)
- Solar Ultraviolet Imager (SUVI)

- Extreme Ultraviolet and X-ray Irradiance Sensors (EXIS)

- GOES-R Magnetometer (MAG)
- Space Environment In-Situ Suite (SEISS)
- GOES-R Unique Payload Services (UPS)

Extreme Ultraviolet and X-ray
Irradiance Sensor (EXIS)

Space Environment
In-situ Suite (SEISS)

<
Solar Ultraviolet 2
Imager (SUVI) /

Magnetometer

Geostationary Lightning —_* | ’
Mapper (GLM) <—__ Advanced Baseline

Imager (ABI)

Q)]

pektralni kanaly AB

2

—

Cislo stredni rozliSeni
kanalu TP ([T vinova délka | v nadiru
1 0.45 - 0.49 0.47 um 1 km
2 0.59 - 0.69 0.64 um 0.5 km
3 0.846 - 0.885 0.885 um 1 km
4 1.371 - 1.386 1.378 pm 2 km
5 1.58 - 1.64 1.61 um 1 km
6 2.225 - 2.275 2.25 um 2 km
7 3.80 - 4.00 3.90 um 2 km
8 5.77 - 6.60 6.19 um 2 km
9 6.75 - 7.15 6.95 um 2 km
10 7.24 - 7.44 7.34 um 2 km
11 8.30 - 8.70 8.5 um 2 km
12 9.42 - 9.80 9.61 um 2 km
13 10.1 - 10.6 10.35 pm 2 km
14 10.8-11.6 11.2 um 2 km
15 11.8-12.8 12.3 um 2 km
16 13.0 - 13.6 13.3 um 2 km

Skenovaci frekvence ABI:

- cely zemsky disk: 5 resp. 15 minut
- kontinentalni USA (CONUS): 5 minut
- mezoméritkova oblast: 30 sekund




POLARNI DRUZICE




Druzice na (kvazi)polarnich drahach

Zkracené (a trochu nepresné)

POLARNI DRUZICE

Nap¥Fiklad:

- druzice NOAA POES

- druzice DMSP

- MetOp (EUMETSAT)

- EOS Terra, Aqua (NASA)

- CloudSat, CALIPSO (NASA)

- a spousta dalsich ...

#L¥ Martin Setvak



Druzice na (kvazi)polarnich drahach

Zkracené (a trochu nepresné)

POLARNI DRUZICE

Nap¥Fiklad:

- druzice NOAA POES

- druzice DMSP

- MetOp (EUMETSAT)

- EOS Terra, Aqua (NASA) >
- CloudSat, CALIPSO (NASA)

- a spousta dalsich ...

Martin Setvak



Polarni druzice NOAA POES
National QOceanic and Atmospheric Administration
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Polarni druzice NOAA POES
National QOceanic and Atmospheric Administration

Deployable
Solar Shield Thermal Control

Pinwheels (15)

; ’ // ‘l
"/AMSU Af
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STX
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NOAA POES

ruzZice
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NQAA-M (NOAA-17), Air Force Base Vandenberg, Kalifornie, USA



Polarni druzice NOAA POES
National Oceanic and Atmospheric Administration

fain body:

Solar array:
Yelght at liftoff;

Launch wvehicle:

Launch date:

Crbital information:

Sensors:

MNOAA- TS Characteristics
A2m (1275 ft) long, 1.88m (6.2 ft) diameter
2.03m (8 .96 ) by 6.14m (20 .16 ft)

223717 kg (4920 pounds) including 726.7 kg of
expendable fuel

Lockheed Martin Titan |l
May 13, 1998 Yandenburg Air Force Base, CA

Type: sun synchronous
Altitude: 833 km

Feriod: 101 .2 minutes
Inclination: 92.70 degrees

Advanced Very High Eesolution Fadiometer (| AVHERZ)
Advanced Microwawe Sounding Unit-A (ARSLEA)
Advanced Microwave Sounding Unit-B (AMSL-E)

High Resolution Infrared Radiation Sounder (HIRS3)
Space Environment Maonitor (SERMZ)

Search and Rescue (SAR) Repeater and Frocessor
Data Collection System [(DCS2)

Martin Setvak



Polarni druzice NOAA POES
National Oceanic and Atmospheric Administration

POES = Polar-Orbit Earth Observation Mission

alternativni oznaceni: druzice série TIROS-N
druzice NOAA-KLM,
druzice NOAA-N a N/, ...

- pred startem druzice oznacena pismenem abecedy (dle poradi vyroby druzice)

- po dosazeni obézné drahy je druzici prirazeno poradové cislo

- napriklad NOAA-K >> NOAA 15, NOAA-L >> NOAA 17, NOAA-N >> NOAA 18, NOAA-N’ >> NOAA-19

- v soucasnosti (listopad 2011) operativni NOAA 15, 16, 18 a 19 (a Metop?2)

Martin Setvak



Polarni druZice NOAA POES

Ittt =~

T

Titan 2, Air Force Base Vandenberg, Kalifornie, USA
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Polarni druZice NOAA POES

www.nasawatch.com

Havarie NOAA-N’ (NOAA-N Prime) pfi montazi v hale Lockheed Martin Corp., Sunnyvale, Kalifornie, 6.9.2003

Martin Setvak
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Polarni druZice NOAA POES

Delta I1 7320 Fairing

NOAA-N
s Spacecraft

* Guidance electronics

\Second-stage miniskirt
| and support truss
: | Helium spheres
Thrust 7 />'/ A \\\ Nitrogen sphere
augmentation &/ Interstage . i

First stage

solids \ \ _ Wiring tunnel )
\  Fuel tank Fairing
Centerbody section (Composite)

.53 * Oxidizer tank

@Bafl/va

6. Unora 2009: start NOAA-N Prime (NOAA-19)
Delta 11, zéakladna Vandenberg, Kalifornie, USA




Polarni druZice NOAA POES

NOAA-19, 3. 3. 2009, CHMU

Martin Setvak



Polarni druZice NOAA POES

Drahy druzic

e kruhova helio-synchronni draha

30 Minutes
Darkness

e vyska drahy: cca 810 az 870 km
e obézna doba: ~ 100 minut

e sklon drahy: 98 aZ 100 stupid
vudi roviné rovniku

e posuv na rovniku mezi dvéma P
naslednymi prelety: ~ 25.6 —_— .
StU p né Sunlight 25.59° Earth Rotation

Per Orbit

e stoceni roviny obéZné drahy: orbitPlane

Rotates Eastward

priblizné 1° za 1 den (k vychodu) 21 per Dy

e Sirka snimaného pasu Uzemi pristrojem AVHRR: cca 3000 km



Polarni druzice NOAA POES dva po sobé nasledujici prelety

e

L0y
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Polarni druzice NOAA POES dva po sobé nasledujici prelety

e
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Polarni druzice NOAA POES - predpovédi preleti:

) SSEC Data Center Polar Orbit Tracks - Mozilla ) NOAA-19 Orbit Tracks - Mozilla Firefox
Edit History Bookmarks Tools

P HOAA-19 Orbit Tracks

NOAA-19 Orbit
Tracks

SPACE SCIENCE AND
SSEC ENGINEERING CENTER

NOAA19 Orbit Tracks
GLOBAL

Orbit Tracks
Orbit Tracks
Orbit Tracks
Orbit Tracks

¢ SSEC Data Center 'GLOBAL ' Orbit Track Archive
Updated Wed Muar 4 01:00:04 UTC 2009 by SSEC .

Return to SSEC Data Center Homepage

Dane A

http.//www.ssec.wisc.edu/datacenter/orbit tracks.html



http://www.ssec.wisc.edu/datacenter/orbit_tracks.html
http://www.ssec.wisc.edu/datacenter/orbit_tracks.html
http://www.ssec.wisc.edu/datacenter/orbit_tracks.html
http://www.ssec.wisc.edu/datacenter/orbit_tracks.html
http://www.ssec.wisc.edu/datacenter/orbit_tracks.html
http://www.ssec.wisc.edu/datacenter/orbit_tracks.html
http://www.ssec.wisc.edu/datacenter/orbit_tracks.html

Polarni druzice NOAA POES - predpovédi preleti:

http://www.ssec.wisc.edu/datacenter/orbit tracks.html

.  Martin Setvak
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Polarni druzice NOAA POES - predpovédi preletd, navigace:

On-line: http://science.nasa.qgov/Realtime/JTrack/NOAA. htm/

http://science.nasa.qgov/Realtime/jtrack/3d/JTrack3D.html

Off-line: http://www.satsignal.eu/software/wxtrack. htm (WXTrack, David Taylor)

http://www.stoff.pl/ (Orbitron)

TLE (Two-Line Elements): http://www. celestrak.com/NORAD/elements/ (CelesTrak)

dalsi informace a odkazy: http://noaasis.noaa.gov/NOAASIS/mli/navigation. html

http://www.osdpd.noaa.gov/PSB/NAVIGATION/navpage.html



http://science.nasa.gov/Realtime/JTrack/NOAA.html
http://science.nasa.gov/Realtime/jtrack/3d/JTrack3D.html
http://www.satsignal.eu/software/wxtrack.htm
http://www.stoff.pl/
http://www.celestrak.com/NORAD/elements/
http://noaasis.noaa.gov/NOAASIS/ml/navigation.html
http://www.osdpd.noaa.gov/PSB/NAVIGATION/navpage.html
http://www.osdpd.noaa.gov/PSB/NAVIGATION/navpage.html
http://www.osdpd.noaa.gov/PSB/NAVIGATION/navpage.html
http://www.osdpd.noaa.gov/PSB/NAVIGATION/navpage.html

Polarni druZice NOAA POES

AVHRR  (Advanced Very High Resolution Radiometer)

channel 1 0.58 - 0.68 pm
channel 2 0.72 - 1.10 pm - ,
I kanal
channel 3A  1.58 - 1.64 um | o Y
| channel 3B 3.55 - 3.93 ym
channel 4 10.3 - 11.3 pm
channel 5 11.5-12.5 um
prenos dat:
(High Resolution Picture Transmission) - digitalni
(Automatic Picture Transmission) - analogovy

TOVS (TIROS Operational Vertical Sounder)
HIRS, AMSU, SSU, ...

Martin Setvak



Polarni druZice NOAA POES

AVHR® (Advanced Very High Resolution Radiometer)

SECOMNDARY
MIRROR

TO OPTICS
AND
DETECTORS

SPACECRAFT
VELOCITY

snimani rychlosti 6 fadkl za sekundu

kazdy fadek nasledné segmentovan na 2048 dil¢ich pixIU

kazdy kanal v 10-bitové Urovni

prenos uzivatelUm v témér redlném &ase (zpozdéni ~ ms)



Polarni druZice NOAA POES

AVHRER  (Advanced Very High Resolution Radiometer)

- rozliSeni v nadiru (poddruzicovém bodé): 1.1 x 1.1 km
- rozliSeni na kraji preletu: cca 2,5 x 5 km

Vice k AVHRR: http://noaasis.noaa.gov/NOAASIS/ml/avhrr.html
http://oiswww.eumetsat.org/WEBOPS/eps-pg/AVHRR/AVHRR-PG-0TOC.htm



http://noaasis.noaa.gov/NOAASIS/ml/avhrr.html
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Priklad RGB produktu AVHRR - tzv. nocni mikrofyzikalni produkt (detekce mlha nizké oblacnosti):

Qi

Martin Setvak



Priklad ,,sendvicového” produktu AVHRR - kombinace VIS a IR snimku, silna konvektivni boure:

s
Q
“ N
\
..' —
7 &
- 3 2
DL oo Ak 3 .
% < \ N : .
2009-07-09 11:35 UTC NOAA 15 (South Dakota, Minnesota, Nebraska, Iowa, U.S.A.)
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Polarni druZice NOAA POES

Zdroj Level-1b dat:

http://www.class.noaa.qgov/

(nutna predchozi bezplatna registrace!)

' NOAA Satellite and Information Service \,_,\..-’V

Mational Environmental Satellite, Data, and Information Service (NESDIS)

Software (freeware) pro jejich zakladni vizualizaci:

http://www.satsignal.eu/software/hrpt.htm

nebo napr.

http://www.pcigeomatics.com/products/freeview. html



http://www.class.noaa.gov/
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& EUMETSAT

METOP (EPS, EUMETSAT Polar System)

height: 6.3 m

transverse section:
34mx3.4m
(launch configuration)

solar panel: 11.3 m

power: 2210 W
(end of life, orbit average)

lifetime: 5 years

13 instruments
launch mass: 4200 kg
data flow: 3500 kbps

METOP 1: 19/10/2006
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o= EUMETSAT
AVHRR-3 METOP

AMSU-A1 ASCAT

MHS AMSU-A2
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INSTRUMENT FULL NAME

AVHRR/3™

HIRS/4

AMSU-A"

MHS
IAS]

GRAS

ASCAT

GOME-2*

Advanced Very High Resolution
Radiometer

High Resolution Infrared
Radiation Sounder

Advanced Microwave Sounding
Unit-A

Microwave Humidity Sounder

Infrared Atmospheric Sounding
Interferometer

Global Mavigation Satellite
System Receiver for
Atmospheric Sounding

Advanced Scatterometer

Global Ozone Experiment-2

& EUMETSAT
METOP

PRIMARY FUNCTION

Global imagery of clouds, the ocean
and land surface

Temperature and humidity of the
global atmosphere in cloud-free
conditions

Temperature of the global
atmosphere in all weather conditions

Humidity of the global atmosphere

Enhanced atmospheric soundings

Temperature of the upper
troposphere and in the stratosphere
with high vertical resolution

MNear-surface wind speeds over the
global oceans

Monitoring Profiles of ozone and
other atmospheric constituents



http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/
http://www.eumetsat.int/Home/Main/What_We_Do/Satellites/EUMETSAT_Polar_System/Space_Segment/

§ =

=4 |

& EUMETSAT

Payload Module
PLM

IASI

ASCAT RF

MHS

METOP

ASCAT M

ASCAT RA

+Y +Z

T

+X

Solar Array

METOP

HIRS
AVHRR

GRAS

AMSU A-1

AMSU A-2

| — GOME-2

Service Module
SVM




Initial Joint Polar System

Od roku 2005 ,sdileni" polarnich
druzic mezi organizacemi NOAA
a EUMETSAT, shodny zakladni
pristroj (AVHRR)

METOP-1 2006
METOP-2 2011
METOP-3 2014
NOAA-18 2006
NOAA-19 2009
JPSS-1 2016 (?)

Druzice Metop - ranni prelety, druzice NOAA - poledni a odpoledni prelety

Wiy

Martin Setvak


http://www.defenseindustrydaily.com/major-shifts-flow-from-npoess-polar-satellite-program-crisis-01557/
http://www.defenseindustrydaily.com/major-shifts-flow-from-npoess-polar-satellite-program-crisis-01557/
http://www.defenseindustrydaily.com/major-shifts-flow-from-npoess-polar-satellite-program-crisis-01557/

MODIE Moderate Resolution Imaging Spectrometer

(druzice NASA EQOS Terra a Aqua)

Martin Setvak



MOIDIS  Moderate Resolution Imaging Spectrometer

Druzice NASA programu EOS Terra (1999) a Aqua (2002)

Pouze odrazené slunecni zareni: odrazené (20-26) a tepelné (20-25) zareni
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MOIDIS  Moderate Resolution Imaging Spectrometer

RozliSeni (v nadiru): 250 m, 500 m a 1000 m; Sirka snimaného pasu 2330 km

Central
Band Bandwidth ‘uh'uelength Pixel Size
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A HOME PRODUCTS GES VALDATON NEWS STAFF FORUM REFERENCE TOOLS MELP

PROFLE CLD MASK  JOINT {Leved-2 Products)

Y  MONTHLY  {Levet3 Products) ALBEDO  NOM ECOSYSTEM {Levet3 Ancitary|

preiees) 12 March 2007 (Day 071)

L2 GRANULES

L3 HIGH RES DALY

L3 LOW-RES DAILY
L3 LOW-RES EIGHT-D,
L3 LOW-RES MONTHL

L18 SHOWCASE

L2 L3I MOVIES

€004 Aqus Images
L18 GRANULES
L2 GRANULES

L3 LOW-RES DAILY
L3 LOW-RES EIGHT-DAY
L3 LOW-RES MONTHLY

€00 Terra kmoges

L3 LOW-RES DAILY
L3 LOW-RES EIGHT-DAY
L3 LOW-RES MONTHLY

€005 Aqua Images

L3 LOW-RES DAILY
L3 LOW-RES EIGHT-DAY
L3 LOW-RES MONTHLY

MODIS Atmosphere

- volné dostupné snimky (5-minutové
L1B ,granule™) z obou druzic, pouze
denni ¢asti preletd, cely svét, mapy
preletd (trajektorii);

- ¢asovani ,granuli® koresponduje
casovani dat na ostatnich serverech

http://modis-atmos.gsfc.nasa.gov/IMAGES/
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MIODIS  Moderate Resolution Imaging Spectrometer

Data (typ level 1B, HDF-EOS format)

http://ladsweb.nascom.nasa.qgov/data/search.html

Software (freeware) pro jejich zakladni zpracovani a zobrazeni:

http://newsroom.gsfc.nasa.gov/sdptoolkit/HEG/HEGHome.htm/

nebo

http://www-loa.univ-lillel.fr/Hdflook/hdflook gb.html

nebo

http://www. hdfgroup.org/
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MODIS Mozaikovani (skladani jednotlivych preletii):

Martin Setvak



Martin Setvak



MO DIS Vysoké geometrického rozliseni ...

MODIS - Aqua, 03.06.2003, 19:28 UTC, kanal 1, Louisiana, USA

Martin Setvak
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Priklad ,sendvicového” produktu MODIS - kombinace VIS a IR snimku, silné konvektivni boure:
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MODIS/Aqua - soucast seskupeni druzic A-Train ...

GCOM-W1

1 17.5 sec.

5 min.

PARASOL
s o

s}

1
.
1
0
.
®
L]
P8 Kl
> -

A-Train = ,The Afternoon Train” (1:30 p.m.) nebo téZ ,Aqua Train” http://atrain.nasa.gov/
Aqua: 2002/05/04, CloudSat: 2006/04/28 - 2011/04/17, CALIPSO: 2006/04/28, Aura: 2004/07/15

#L¥ Martin Setvak


http://atrain.nasa.gov/

NPOESS PREPARATORY PROJECT

Martin Setvak



NPP - NPOESS Preparatory Project

s
Vandenberg Air Force Base, 28. 10. 2011 09:48 UTC (Boeing Delta II-7920-10)

.  Martin Setvak



NPP - NPOESS Preparatory Project

. ... prototyp budoucich operativnich druzic NPOESS a jejich pristrojového vybaveni”

1'N1~20O=55 (National Polar-orbiting Operational Environmental Satellite System)

JPSS (Joint Polar Satellite System) - civilni segment systému NPOESS,
provozovany spolecné NOAA a NASA; navaznost na druzice NOAA/POES
a NASA (druzice Terra a Aqua); odpoledni druzice systému NPOESS

DWSS (Defense Weather Satellite System) — vojensky segment systému

NPOESS, provozovany DoD (Department of Defense); ranni druzice systému
NPOESS

zde

Planovany start JPSS-1 v roce 2016, JPSS-2 v roce 2018 (priblizné ve stejné dobé
jako nastup druhé generace polarnich druzic EUMETSATu, EPS-SG).



http://www.nesdis.noaa.gov/jpss/
http://www.defenseindustrydaily.com/major-shifts-flow-from-npoess-polar-satellite-program-crisis-01557/

Propulsion Module

Mass: 2128 Kg

Power: 2285W 8X Thruster
Storage: 268 Gb

Data Rate: 300Mbps

2X Star Tracker

Solar Array
Cell Side HRD Antenna Nadir TT&C Antenna

polarni obézna draha (helio-synchronni kruhova), vyska 824 km, 13:30 mistniho Casu (vzestupnad)
rozmeéry druzice: 4.0 x 2.6 x 2.2 m, vaha druzice cca 2100 kg (vcetné paliva)

sbér dat pri kazdém preletu druzice nad prijimaci stanici Svalbard v Norsku, prenos dat k archivaci
a dalsimu zpracovani optickym kabelem do NSOF (NOAA Satellite Operations Facility), Suitland, USA

predpokladana zivotnost druzice: alespon 5 let
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NPP - NPOESE Preparatory Project




NPP - NPOESS Preparatory Project

L% Martin Setvak



NPP - NPOESS Preparatory Project

National Aeronautics and Space Administration (NASA)

National Oceanic and Atmospheric Administration (NOAA)

ve spolupraci s: The Department of Defense

Ball Aerospace & Technologies

Northrop Grumman Aerospace Systems

Northrop Grumman Electronic Systems

ITT industries Inc.

Ravtheon

Martin Setvak


http://www.defense.gov/
http://www.ballaerospace.com/
http://www.as.northropgrumman.com/
http://www.es.northropgrumman.com/index.html
http://www.itt.com/
http://www.raytheon.com/
http://www.nasa.gov/
http://www.nasa.gov/
http://www.noaa.gov/

NPP - veédecké pristroje druzice

Ozone Mapping and
Profiler Suite (OMPS)

Clouds and the Earth's

Radiant Energy Syst

GJ/
dvanced Technology

Microwave Sounder (ATMS)

Cross-track Infrared
Sounder (CrlS)

Visible Infrared Imaging
Radiometer Suite (VIIRS)

» Visible Infrared Imaging Radiometer Suite (VIIRS)

+ Advanced Technology Microwave Sounder (ATMS)

» Cross-track Infrared Sounder (CrIS)

« Ozone Mapping and Profiler Suite (OMPS)

» Clouds and the Earth's Radiant Energy System (CERES)



http://npp.gsfc.nasa.gov/viirs.html
http://npp.gsfc.nasa.gov/atms.html
http://npp.gsfc.nasa.gov/cris.html
http://npp.gsfc.nasa.gov/cris.html
http://npp.gsfc.nasa.gov/cris.html
http://npp.gsfc.nasa.gov/omps.html
http://npp.gsfc.nasa.gov/omps.html
http://npp.gsfc.nasa.gov/ceres.html
http://npp.gsfc.nasa.gov/ceres.html

Horiz Sample Interval
(km Downtrack x Crosstrack)

Nadir

End of Scan

Driving EDRs

Ltyp or
Ttyp

S |

ignal to Noise Ratio

(dimensionless)

or NEAT (Kelvins)

Required | Predicted

Margin

VIS/NIR FPA
Silicon PIN Diodes

0.742 x 0.2569

1.60 x 1.58

Ocean Color
Aerosols

44.9
155

352
318

483
827

37%
162%

0.742 x 0.2569

1.60 x 1.58

Ocean Color
Aerosols

40
146

380
409

501
774

32%
89%

0.742 x 0.2569

1.60 x 1.58

Ocean Color
Aerosols

32
123

416
414

573
747

38%
80%

0.742 x 0.269

1.60 x 1.58

Ocean Color
Aerosols

21
80

362
315

482
586

33%
86%

0.371 x 0.387

0.80 x 0.789

Imagery

22

119

135

13%

0.742 x 0.269

1.60 x 1.58

Ocean Color
Aerosols

10
68

242
360

306
450

26%
25%

0.742 x 0.776

1.60 x 1.58

Atmospheric Corr'n

9.6

199

279

40%

0.371 x 0.387

0.80 x 0.789

NDVI

25

150

212

41%

0.742 x 0.259

1.60 x 1.58

Ocean Color
Aerosols

6.4
33.4

215
340

467
467

117%
37%

O
O
o

0.742 x 0.742

0.742 x 0.742

Imagery

6.70E-05

6

6.2

3%

PV HgCdTe (HCT)

0.742 x 0.776

1.60 x 1.58

Cloud Particle Size

5.4

74

109

47%

0.742 x 0.776

1.60 x 1.58

Cirrus/Cloud Cover

6

83

156

88%

0.371 x 0.387

0.80 x 0.789

Binary Snow Map

7.3

6.0

71

1084%

0.742 x 0.776

1.60 x 1.58

Snow Fraction

7.3

461

35%

0.742 x 0.776

1.60 x 1.58

Clouds

0.12

10

14

44%

0.371 x 0.387

0.80 x0.789

Imagery Clouds

270K

0.236

68%

0.742 x 0.776

1.60 x 1.58

SST

270 K

1.039

141%

0.742 x 0.259

1.60 x 1.58

EET
Fires

300 K
380 K

0.051
0.353

111%
20%

PV HCT

0.742 x 0.776

1.60 x 1.58

Cloud Top Properties

270 K

0.057

60%

0.742 x 0.776

1.60 x 1.58

SST

300 K

0.034

105%

0.371 x 0.387

0.80 x 0.789

Cloud Imagery

210K

1.004

49%

0.742 x 0.776

1.60 x 1.58

SST

300K

0.059

23%

Snimany pas Uzemi: celkova sirka 3000 km, Uhel snimani £ 56° od nadiru.




NPP = prvni snimky (21. 11. 2011)
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NPP = prvni snimky (22. 11. 2011)

4 E D 4

Martin Setvak



NPP - dalsi informace na internetu:

http://npp.gsfc.nasa.gov/

http://www.nasa.gov/mission pages/NPP/main/index.html

http://npp.gsfc.nasa.gov/science/documents.html

Martin Setvak
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DruZicovs technika CHMU

(priblizné od roku 1970 do soucasnosti)

L% Martin Setvak
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Praha — Libus
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Praha - Libus
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Cesky hydrometeorologicky tstav, ObservatoF Praha - Libus

: Martin Setvak



Pocatky pFijmu druZicovych snimki v CHMU

1967 - 1968 v ,Laboratofi techniky™ Ing. S. Kyjovskym vyvinut prvni systém
CHMU pro prijem APT z polarnich druzic (anténa, prijimac, telefotoprijimac
Néva), prijem od roku 1968




70. léta ... prijem APT (analogové snimky) z polarnich druzic, jak americkych,
tak sovétskych (ruskych)

Martin Setvak



70. léta - prijem APT (analogové snimky) z polarnich druzic, jak americkych,
tak sovétskych (ruskych)




70. léta - telefotni vysilac Muirhead

Wimiy

Martin Setvak



70. léta - prijem APT (analogové snimky) z polarnich druzic, jak americkych,
tak sovétskych (ruskych)

Martin Setvak
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70. léta - prijem APT (analogové snimky) z polarnich druzic, jak americkych,
tak sovétskych (ruskych)

Martin Setvak



Konec 70. az zacatek 90. lét ... telefotni vysila¢ Muirhead

MUIRHEAD

“®  Martin Setvak
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1978: Prvni systém pro prijem digitalnich dat (HRPT)
Z meteorologickych druzic

MDA (MacDonald Dettwiler and Associates Ltd.)
NOAA - HRPT (1979-1995)

Martin Setvak



1978: Prvni systém pro prijem digitalnich dat (HRPT)
Z meteorologickych druzic

Systém MDA NOAA/HRPT

- instalovan v prosinci 1978
- funkcni od ledna 1979
- v provozu do poloviny 1995

Martin Setvak



MDA (MacDonald Dettwiler and Associates Ltd.)
NOAA - HRPT (1979-1995)

Martin Setvak



MDA (MacDonald Dettwiler and Associates Ltd.)
NOAA - HRPT (1979-1995)



MDA (MacDonald Dettwiler and Associates Ltd.)
NOAA - HRPT (1979-1995)
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Cervenec 1986: instalace prvniho systému pro pFijem druZic Meteosat
(rezim WEFAX)

(poloprovozni do roku 1992)
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Polovina roku 1991: Meteosat SDUS systém (PC286)
(UKW Technik GmbH)




Rijen 1991: Prvni snimky z Meteosatu pravidelné v Ceské televizi
(OK3 - ,,Kazda suda - pocasi")
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11. unor 1992:

Prvm smlouva o ,spoluprac:“ mezi EUMETSATem a CSFR, zastoupenou

CHMU a SHMU upravu_uc: pFistup a vyuzivani dat a snimkd z druzic
Meteosat (prvni generace).

COOPERATION AGREEMENT

The European Organisation for the
Exploitation of Meteorological Satellites
(EUMETSAT)

Am Elfengrund 45,

D-6100 Darmstadt-Eberstadt

represented by its Director,

Mr. John Morgan Article 10

Transfer of Agreement

The Meteorological Services shall not transfer this agreement to a third party either

in whole or in part.
The Czech and Slovak Hydrometeorological Services i
Czecho-Slovakia on

(hereinafter called the Meteorological Services)

represented by: Czecho-Slovak Space Research Council

Mr, Ladislav Sehnal, its President
111 42 Praha 1, Narodni
Czecho-Slovakia

President

Director
Czecho-Slovak Space Research Counil




Prosinec 1994:

Instalace systému Meteosat PDUS
(VCS Nachrichtentechnik GmbH)

Cerven 1995:

Instalace nového HRPT systému
(VCS, VAX-based system)

(PDUS v provozu do roku 2005)

Martin Setvak




2004—-04—-14
24:00 UTC

Ukdézka operativnich snimkd IR a WV
z druzice Meteosat (systém PDUS)

Rl 2004 —04—14
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6. prosinec 2004 Instalace MSG HRIT systému
(VCS Engineering GmbH)
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6. prosinec 2004 Instalace MSG HRIT systému
(VCS Engineering GmbH)

ENGINEERING
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7. prosince 2004 12:45 UTC PFijem prvnich snimki MSG v CHMU

07 . 2004 12: 45
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17. - 21. Fijen 2005 Upgrade stavajiciho systému AVHRR/HRPT
(VCS Engineering GmbH)
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Soucasnost ... systém MSG (VCS Engineering GmbH)
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Systém VCS Space (2met!) - MSG RSS a HRPT
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Vizualizace produkti v ramci intranetu CHMU (Java skript)

{2 ISMSGView - Windows Internet Explore
—

JSMSGView

Every 8th I 4rd |
13.03.2007 13:45UTC=

13.03.2007 13:30UTC I
13.03.2007 13:15UTC

13.03.2007 11:45UTC
13.03.2007 11:30UTC
13.03.2007 11:15UTC |

(8/8)

A Quick switch:
t EU

_ﬂ iJ ﬂ] ’_>| _jJ _>l_| ANIM: 250 msfimg ] LAST: +2s [ AUTO UPDATEZmin ] UPDATE NOW
OVR1 boundaries I o\/Rznone I o\/R3none ]

yright {c) 2001-2008 Petr Novak. Data - copyright {c) 2008 Eumetsat and CHMI. All rights




Vizualizace produkti v ramci intranetu CHMU (Java skript)

/2 ISMSGView Extra - Windows Internet Explorer

2007 13: 45

|IQNQ N/

extra

Every ﬂj ﬁ_’

13.03.2007 13:45UTC !
13.03.2007 13:30UTC I

13.03.2007 11:45UTC
13.03.2007 11:30UTC
13.03.2007 11:15UTC
13.03.2007 11:00UTC v |

Quick switch:

IR: GOES
WV: GOES
RGB129: GLOBE
RGB321: GLOBE

RGB-IR-WV:
RGB-Airmass: GLOBE

OVR1|none ¥
OVR2|none ]

_J _] m _, _J __' ANIM:| 250 msfimg v| LAST|+2s v | AUTO UPDATE! 2 min v UPDATE NOW

Copyright {c) 2 sat and CHMI. All rig
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Soucasnost ... systém MSG a HRPT - archivace dat
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Pfiklady riiznych produktd, pouZivanych operativné v CHMU

2007 15: 00

%% Martin Setvak


movies/20070508-14_globe-rgb129.mpg

Pfiklady riiznych produktd, pouZivanych operativné v CHMU
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movies/20070508-14_globe-airmass.mpg

Pfiklady riiznych produktd, pouZivanych operativné v CHMU
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movies/20051110-15_airmass.mpg

Pfiklady riiznych produktd, pouZivanych operativné v CHMU
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Pfiklady riiznych produktd, pouZivanych operativné v CHMU

D2. 1
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Pfiklady riiznych produktd, pouZivanych operativné v CHMU

27.12. 2006 04: 33
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movies/20061226-1800_20061227-1530utc_24h-MF_CE.mpg

Pfiklady riiznych produktd, pouZivanych operativné v CHMU
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Pfiklady riiznych produktd, pouZivanych operativné v CHMU
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movies/20080901-15_goes12_Gustav-Ike.mov

Pfiklady riiznych produktd, pouZivanych operativné v CHMU
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25 June 2006, 1345 UTC, Meteosat-8 (MSG-1)

Martin Setvak


movies/20060625_1100-1730utc_IR108-BT.mpg
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movies/20080815-16_MSG1-rsseu-BT.mpg

Pfiklady riiznych produktd, pouZivanych operativné v CHMU
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movies/20080815-16_MSG1-rsseu-storm.mpg

Porovnani vyhod a slabin druzic na polarni draze
(NOAA-POES, MetOp) a druzic na geostacionarni
draze (MSG):

Polarni druzice NOAA-POES a MetOp:

+ lepSi geometricka rozliSovaci schopnost

+ moznost umisténi dalSich pfistroju (zejména sondaZ atmosféry)
+ vyuzitelnost v polarnich oblastech

- komplikovanéjsi prijem dat a jejich zpracovani

- data pouze 4x az 8x denné (podle poctu aktivnich druzic)

Meteosat druhé generace (MSG):

+ data kazdych 15, resp. 5 minut, 12 spektrélnich kandly !!!
- horgi geometricka rozlidovaci schopnost




DruZicové snimky na strankach CHMU:

MSG pro verejnost
http://portal.chmi.cz/files/portal/docs/meteo/sat/data jsmsgview.html

AVHRR
http://portal.chmi.cz/files/portal/docs/meteo/sat/data jsavhrrview.html

Druzicové snimby mimo CHMU:

EUMETSAT
http://oiswww.eumetsat.org/IPPS/html/MSG/
http://oiswww.eumetsat.org/IPPS/html/latestImages.html

SATREP Online
http://www.satreponline.org/

SAT24
http://www.sat24.com/

Martin Setvak


http://portal.chmi.cz/files/portal/docs/meteo/sat/data_jsmsgview.html
http://portal.chmi.cz/files/portal/docs/meteo/sat/data_jsavhrrview.html
http://oiswww.eumetsat.org/IPPS/html/MSG/
http://oiswww.eumetsat.org/IPPS/html/latestImages.html
http://www.satreponline.org/
http://www.satreponline.org/
http://www.satreponline.org/
http://www.sat24.com/
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BT 240 K| 200 K

Zvyraznéni urcitého teplotniho intervalu barevnou skalou (angl. color enhancement). Tato konkrétni skala
(BT 240-200K) je vhodna pro typické poméry v mirnych zemépisnych Sirkach (stfedni Evropa); pro jiné
geografické oblasti je nutna jeji modifikace, predevsim v zavislosti na typické vysce tropopauzy. Definice
Skaly a dalsi informace zde: CWG website, galérie EUMETSATuU (predevsim zde).

Martin Setvak


http://www.convection-wg.org/color_enhancement.php
http://www.convection-wg.org/color_enhancement.php
http://www.convection-wg.org/color_enhancement.php
http://www.eumetsat.int/Home/Main/Image_Gallery/Case_Studies/Gallery/index.htm
http://www.eumetsat.int/Home/Main/Image_Gallery/Case_Studies/Gallery/index.htm
http://www.eumetsat.int/Home/Main/Image_Gallery/Case_Studies/Gallery/index.htm
http://www.eumetsat.int/Home/Main/Image_Gallery/Case_Studies/Gallery/index.htm
http://www.eumetsat.int/Home/Main/Image_Gallery/Case_Studies/Gallery/index.htm
http://oiswww.eumetsat.org/WEBOPS/iotm/iotm/20080116_convection/20080116_convection.html

RGEB kompozitni snimky (RGB syntéza tFi a vice spektréinich kandld)

11 September 1996 1724 UTC NOAA 12
AVHRR ch4 ENH

AVHRR ch3

AVHRR DIF ch (5-4)

Experimentalné pouzivano jiz od konce 80. let; v operativni meteorologii
vyrazné rozsireni az se startem druzic MSG (Rosenfeld, Kerkmann, aj.)

%9 Martin Setvak
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2009-07-09 11:35 UTC NOAA 15 (South Dakota, Minnesota, Nebraska, Iowa, U.S.A.)
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»Sendvicové" produlkty
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2006-06-25 Meteosat 8 (MSG-1), sendvié¢ HRV + IR10.8

» Zobrazeni urcitého produktu (napriklad barevné zvyraznéného tepelného IR snimku nebo
mikrofyzikalniho produktu) se snimkem ve viditelném oboru (nebo jinym RGB produktem)

v pozadi;

« prolnuti informaci jinak zobrazenych obéma zdrojovymi snimky nezavisle - napfiklad
teplotniho pole z IR kanalu a morfologie horni hranice boufe z kanalu ve viditelném oboru;

. alternativa porovnavani zdrojovych snimkl jejich zobrazenim ,vedle sebe™ nebo jejich
,prepinanim" (oboji nepouzitelné napr. v animacich);

« sendvi¢ové produkty = ,rodina® produktl (podobné jako RGB kompozitni snimky).
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»Sendvicové" produlkty

Horni vrstva (,/ayer"): snimek IR10.8 BT

Y

W

Spodni vrstva (pozadi, ,background"): snimek HRV

Martin Setvak



»Sendvicové" produlkty

Horni vrstva (,/ayer"): snimek IR10.8 BT
Spodni vrstva (pozadi, ,background"): snimek HRV

Vicevrstevny obrazovy soubor (.multi-layer image")
... v tomto konkrétnim pripadé 2 vrstvy ... napf. PSD format (Photoshop)

Martin Setvak



»Sendvicové" produlkty

Horni vrstva (,/ayer"): snimek IR10.8 BT
Spodni vrstva (pozadi, ,background"): snimek HRV

\

Vicevrstevny obrazovy soubor (.multi-layer image")
... v tomto konkrétnim pripadé 2 vrstvy ... napf. PSD format (Photoshop)

Podrobnéji popsano na strankach EUMETSATu (Case Studies, Image of the Month)
http://oiswww.eumetsat.org/WEBOPS/iotm/iotm/20090923 convection/20090923 convection.htm/
a na stankach CWG http://www.convection-wg.org/sandwich.php

Martin Setvak


http://oiswww.eumetsat.org/WEBOPS/iotm/iotm/20090923_convection/20090923_convection.html
http://www.convection-wg.org/sandwich.php
http://www.convection-wg.org/sandwich.php
http://www.convection-wg.org/sandwich.php

woendvicove" produkty

Ps Adobe Photoshop (S3
File Edit Image Layer Select Filter View Window

7« 00_AVHRR_band2_band4bw_band4-BT-198-233K_1024x7. L,
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66.67% & Doc: 2,11M/4.92M

V Adobe Photoshopu (CS3, anglicka verze): Layers >>> Blending Options >>> General Blending
>>> Multiply nebo Linear Burn, propustnost (Opacity) v rozmezi 80 - 100%



»Sendvicové" produlkty

Alternativa Adobe Photoshopu (predevsim pro interaktivni zpracovani):

(GNU Image Manipulation Program)

freeware, (témér) plné kompatibilni s Photoshopem
http://www.gimp.org/

Pro operativni, plné automatické zpracovani:

(freeware):  http://www.imagemagick.org/

# alpha blending of the IR-BT layer
alpha=70

# sets the alpha blending of the IR-BT layer
convert ${ir_bt} -alpha On -channel Alpha -evaluate set ${alpha}% ${ir_bt_png}

# merging (blending) the two images together
composite ${hrv} ${ir_bt_png} -compose Multiply -quality 90 ${output}

(podrobnosti Jindfich Stastka nebo Luk&$ Ronge)
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http://www.gimp.org/
http://www.gimp.org/
http://www.imagemagick.org/
mailto:Jindrich.Staska@chmi.cz
mailto:Jindrich.Staska@chmi.cz
mailto:ronge.l@bourky.com
mailto:ronge.l@bourky.com
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