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Druzice na geostacionarni (geosynchronni) draze

zkracené:

Polomér kruhové drahy: sklon drahy:

vySka drahy nad zemskym povrchem na rovniku ~
doba obéhu druzice kolem Zemé totozna s dobou rotace Zemé

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



prvni myslenky na vyuziti geostacionarni drahy pro umisténi umélych druzic Zemé: 20. léta 20. stoleti (jak na drovni védecko-fantastické
literatury, tak v odbornych ¢lancich)

1945 - Sir Arthur C. Clarke pisemné formuluje myslenky na vyuziti geostacionarni drahy pro telekomunikaéni druzice, explicitné se zmirnuje
i 0 vyuziti téchto druzic pro ucely meteorologie
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EXTRA-TERRESTRIAL RELAYS

Can Rocket Stations Give World-wide

a suitable choice of fre-

quencies and routes, to pro-
vide telephony circuits between
any two points or regions of the
earth for a large part of the time,
long-distance communication is
greatly hampered by the peculiar-
ities of the ionosphere, and there
are even occasions when it may
be impossible. A true broadcast
service, giving constant field
strength at all times over the
whole globe would be invaluable,
not to say indispensable, in a
world society.

Unsatisfactory though the tele-
phony and telegraph position is,
that of television is far worse,
since ionospheric  transmission
cannot be employed at all. The
service area of a television station,
even on a very good site, is only
about a hundred miles across. To
cover a small country such as
Great Britain would require a net-
work of transmitters, connected
by coaxial lines, waveguides or
VHEF relay links. A recent theo-
retical study® has shown that such
a system would require repeaters
at intervals of fifty miles or less.
A system of thig kind could pro-
vide television coverage, at a very
considerable cost, over the whole
of a small country. It would be
out of the question to provide a
large continent with such a ser-
vice, and only the main centres
of population could be included in
the network.

The problem is equally serious
when an attempt is made to link
television services in different
parts of the globe. A relay chain
several thousand miles long would
cost millions, and transoceanic
services would still be impossible.
Similar considerations apply to
the provision of wide-band fre-
quency modulation and other ser-
vices, such as high-speed facsimile
which are by their nature re-
stricted to the ultra-high-fre-
quencies.

Many may consider the solution
proposed in this discussion too far-
fetched to be taken very seriously.
Such an attitude is unreasonable,
as everything envisaged here is a

Al.‘I'HUUGH it is possible, by

By ARTHUR C. CLARKE

logical extension of developments
in the last ten years—in particular
the perfection of the long-range
rocket of which V2 was the proto-
type. While this article was being
written, it was announced that the
Germans were considering a simi-
lar project, which they believed
possible within fifty to a hundred
years.

Before proceeding further, it is
necessary to discuss briefly certain
fundamental laws of rocket pro-
pulsion and ‘‘astronautics.””
rocket which achieved a suffi-
ciently great speed in flight out-
side the earh’s a here would

Radio Coverage?

the atmosphere and left to broad-
cast scientific information back to
the earth. A little later, manned
rockets will be able to make simi-
lar flights with sufficient excess
power to break the orbit and re-
turn to earth.

There are an infinite number of
possible stable orbits, circular and
elliptical, in which a rocket would
remain if the initial conditions
were correct. The velocity of
8 km/sec, applies only to the
closest possible orbit, one just out-
side the atmosphere, and the
period of revolution would be
about go minutes. As the radius
of the orbit increases the velocity

never return. This *‘orbital’’
velocity is 8 km per sec. (5 miles
per sec), and a rocket which
attained it would become an arti-
ficial satellite, circling the world
for ever with no expenditure of
power—a second moon, in fact.

since gravity is dimin-
ishing and less centrifugal force is
needed to balance it. Fig. 1 shows
this graphically. The moon, of
course, is a particular case and
would lie on the curves of Fig. 1
if they were produced. The pro-
posed German  space-stations
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Variation of orbital period and velocity with distance from

the centre of the earth.

The German transatlantic rocket
Ato would have reached more
than half this velocity.

It will be possible in a few more
years to build radio controlled
rockets which can be steered into
such orbits beyond the limits of

would have a period of about four
and a half hours.

It will be observed that one
orbit, with a radius of 42,000 km,
has a period of exactly 24 hours.
A body in such an orbit, if its
plane coincided with that of the
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carth’s equator, would revolve
with the earth and would thus be
stationary above the same spot
on the planet. It would remain
fixed in the sky of a whole hemi-
sphere and unlike all other
heavenly bodies would neither rise
nor set. A body in a smaller orbit
would revolve more quickly than
the earth and so would rise in the
west, as indeed happens with the

HTTCT OO Ot~ NETTe”

(n Using material ferried up by\
rockets, it would be possible to
construct a ‘*space-station’’ in
such an orbit. The station could
be provided with living quarters,
laboratories  and  everything
needed for the comfort of its crew,
who would be relieved and pro-
visioned by a regular rocket ser-
vice. This project might be under-
taken for purely scientific reasons
as it would contribute enormously
to our knowledge of astronomy,
physics and meteorology. A good

. Wireless World

ments would be very small, as
direct line of sight transmission
would be used. There is the
further important point that
arrays on the earth, once set up,
could remain fixed indefinitely.

October 1945

necessary evidence by exploring
for echoes from the moon. In the
meantime we have visual evidence
that frequencies at the optical end
of the spectrum pass through with
little absorption except at certain

Moreover, a t Te-
ceived from any point on the
hemisphere could be broadcast to
the whole of the visible face of

RADIO
/|

the globe, and thus. the require-
ments of all possible services

deal of literature has already been
\_ritten on the subject.*

may seem fantastic, it requires

Fig. 2. Typical
extra-terrestrial
relay services.
Transmission from
A being relayed to
point B and area C ;
transmission from
D being relayed to
whole hemisphere.

for its fulfilment rockets only
twice as fast as those already in
the design stage. Since the gravi-
tational stresses involved in the
structure ‘are negligible, only the
very lightest materials would be
necessary and the station could be
as large as required.

Let us now suppose that such
a station were built in this orbit.
It could be provided with receiv-
ing and transmitting equipment
(the problem of power will be dis-
cussed later) and could act as a
repeater to relay transmissions be-
tween any two points on the
hemisphere beneath, using any
frequency which will penetrate the
ionosphere.  If directive arrays
were used, the power require-

would be met (Fig. 2).

It may be argued that we have
as yet no direct evidence of radio
waves passing between the surface

of the earth and outer space; all
we can say with certainty is that
the shorter wavelengths are not
reflected back to the earth. Direct
evidence of field strength above
the earth’s atmosphere could be
obtained by V2 rocket technique,
and it is to be hoped that someone
will do something about this soon
as there must be quite a surplus
stock somewhere! = Alternatively,
given sufficient transmitting
power, we might obtain the

freq which
effects occur. Medium high fre-
quencies go through the E layer
twice to be reflected from the F
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Fig. 3. Three satellite stations would ensure complete coverage of the
globe.

layer and echoes have been re-
ceived from meteors in or above
the F layer. It scems fairly certain
that frequencies from, say, 50
Mc/s to 100,000 Mc/s could be
used without undue absorption in
the atmosphere or the ionosphere.

A single station could only pro-
vide coverage to half the globe,
and for a world service three
would be required, though more
could be readily utilised. Fig. 3
shows the simplest arrangement.
The stations would be arranged
approximately equidistantly
around the earth, and the follow-
ing longitudes appear to be suit-
able: —

30 E—Africa and Europe.
150 E—China and Oceana.
90 W—The Americas.

The stations in the chain would
be linked by radio or optical
beams, and thus any conceivable
beam or broadcast service could
be provided.

The technical problems in-
volved in the design of such sta-
tions are extremely interesting,?
but only a few can be gone into
here. Batteries of parabolic re-
flectors would be provided, of
apertures depending pn the fre-
quencies employed.  Assuming
the use of 3,000 Mc/s waves,
mirrors ‘about a metre across
would beam almost all the power
on to the earth. Larger reflec-
tors could be used to illuminate
single countries or regions for the
more restricted services, with con-
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sequent economy of power. On
the higher frequencies it is not
difficult to produce beams less
than a degree in width, and, as
mentioned before, there would be
no physical limitations on the
size of the mirrors. (From the
space station, the disc of the earth
would be a little over 17 degrees
across). The same mirrors could
be used for many different trans-
missions if precautions were taken
to avoid cross modulation

It is clear from the nature

system that the power needed
will be much less than that re-
quired for any other arrange-
ment, since all the energy radi-
ated can be uniformly distributed
over the service area, and none
is wasted. An approximate esti-
mate of the power required for
the broadcast service from a single
station can be made as follows: —

The field strength in the equa-
torial plane of a A /2 dipole in free
space at a distance of d metres

5
— volts /metre, where

P is the power radiated in watts
Taking d as 42.000 km (effec-
tively it would be less), we have
=37.6 ¢* watts. (e mow in
»V [metre.)

If we assume e to be 50 muru
volts /metre, which is the F.C
standard for frequency moduh
tion, P will be g4 kW. This is the
power required for a single dipole,
and not an array which would

A project which goes
part of the way towards
the goal envisaged in
this article has been put
forward by Westing-
house in _collaboration
with the Glen L. Martin
Co. of America. The
radius of coverage would
be increased from 50 to
211 miles by beamed
radiation from an air-
craft flying at a height
of 30,000 ft. and
equipped with television
and FM transmitters.

concentrate all the power on the
earth, Such an array would have
a gain over a simple dipole of
about 80. The power required for
the broadcast service would thus
be about 1.2 kW.

Ridiculously small though it is,
this figure is probably much too
generous. Small parabolas about
a foot in diameter would be used
for receiving at the earth end and
would give a very good signal/
noise ratio. There would be very
little interference, partly because
of the frequency used and partly
because the mirrors would be
pointing towards the sky which
could contain no other source of
signal. A field strength of. 10
microvolts /metre might well be
ample, and this would require a
transmitter output of only 50
watts.

When it is remembered that
these figures relate to the broad-
cast service, the efficiency of the
system will be realised. The point-
to-point beam  transmissions
might need powers of only 10
watts or so These figures, of
course, would need correction for
ionospheric and atmospheric ab-
sorption, but that would be quite
small over most of the band. The
slight falling off in field strength
due to this cause towards the
edge of the service area could be
readily corrected by a non-uni-
form radiator.

The efficiency of the system is
strikingly revealed when we con-
sider that the London Television

-
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service required about 3 kW
average power for an area less
than fifty miles in radius.*

A second fundamental problem
is the provision of electrical
energy to run the large number of
transmitters required for the
different services. In space be-
yond the atmosphere, a square
metre normal to the solar radia-
tion intercepts 1.35 kW of ener
Solar engines have already béen
devised for terrestrial nse and are
an economic proposition in tropi-
cal countries. They employ
mirrors to concentrate sunlight on
the boiler of a low-pressure steam
engine. Although this arrange-
ment is not very efficient it could
be made much more so in space
wh the operating components
are in a vacuum, the radiation is
intense and continuous, and the
low-temperature end of the cycle
could be not far from absolute
zero. Thermo-electric and photo-
electric developments may make
it possible to utilise the solar
energy more directly

Though there is no limit to the
size of the mirrors that could be
built, one fifty metres in radius
would intercept over 10,000 kW
and at least a quarter of this
energy should be available for use

The station would be in con-
tinuous sunlight except for some
weeks around the equinoxes, when
it would enter the earth’s shadow
for a few minutes every day
Fig. 4 shows the state of affairs
during the eclipse period. For
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this calculation, it is legitimate
to consider the earth as fixed and
the sun as moving round it. The
station would graze the earth’s
shadow at A, on the last day in
February. Every day, as it made
its diurnal revolution, it would
cut more deeply into the shadow,
undergoing its period of maxi-

Wireless World

channels would be available.

(3) The power requirements are
extremely  small since the effi-
ciency of **illumination " will be
almost 100 per cent. Moreov
the cost of the power would be
very low.

(4) However great the initial
expense, it would only be a frac-
tion of that required for the

Fig. 4. Solar radiation would be cut off for a short period each day at
e equinoxes.

mum eclipse on March 2rst.
on that day it would only be in
darkness for 1 hour g minutes.
From then onwards the period of
eclipse would shorten, and after
April 11th (B) the station would
be in continuous sunlight again
until the same thing happened
six months later at the autumn
equinox, between September 12th
and October 14th. The total
period of darkness would be about
two days per year, and as the
longest period of eclipse would be
little more than an hour there
should be no difficulty in storing
enough power for an uninter-
rupted service.

Conclusion

Briefly summarised, the ad-
vantages of the space Station are
as follows:—

(1) It is the only way in which
true world coverage can be
achieved for all possible types of
service.

(2) It permits unrestricted use
of a band at least 100,000 Mc/s
wide, and with the use of beams
an almost unlimited number of

world networks replaced, and the
running costs would be incom-
parably less.

Appendix—Rocket Design

The development of Tockets suffi-
ciently powerful to reach * orbital "’
and even **escape " velocity is now
only a matter of years. The follow-
ing figures may be of interest in this
connection.

he rocket has to acquire a final
velocity of 8 km/sec, Howi
2 km/sec. for navigational corr
tions and air. resistance loss (this is
legitimate as all space-rockets will
be launched from very high coun-
try) gives a total velocity needed of
10 km/sec. The fundamental equa-
tion of rocket motion s *

V = v logeR

where V is the final velocity of the
rocket, v the exhaust velocity and
R the ratio of initial mass to final
mass (pavluad plus structure). So
far v has been about 2-2.5 km/scc
for liquid fuel rockets buf new de-
signs hnd sl permit of con-
siderably higher figures.  (Oxy-
hydrogen fuel has a theoretical ex-
haust velocity of 5.z km/sec and
more powerful combinations
known.) If we assume v to be 3
km/sec, R will be 20 to 1.

October 1945

ever, owing to its finite accelera-
tion, the rocket loses velocity as a
result of gravitational retardation.
If its acceleration (assumed con
stant) is « metres{sec.’, then the
necessary ratio Ry is increased to
a+tg
Ri=R——
a
For an automatically controlled
rocket @ would be about 5¢ and so

a single rocket but can be 2

“step-rockets’*, while very
uiuch higher ratios (up to 1,000 to
1) can be achieved by the principle
of '* cellular construction '™,

Epilogue—Atomic Power

The advent of atomic power has
at one bound brought space travel
half a century nearer. It seem:
likely that we will have to wait a:
much as twenty years h-'lurc
atomic-powered  rockets are  de-
veloped, and such rockets could
reach even the remoter planets with
a fantastically small fuel /mass ratio
—only a few per cent. The equa-
tions developed in the appendix still
hold, but » will be increased by a
factor of about a thousand,

In view of th it appears
hardly worth while to expend much
effort on l]u building of long-dis-
muu» relay ch

ctworks which w
Costiucubn way Bave & working
life of only 20-30 years.
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EUROPEAN FREQUENCY
ALLOCATIONS

HE Postmaster-General is under-

stood to be planning an early
Conference of interesied parties to
consider the allocation of frequency
channels for the liberated countries
of Europe. No dclallvd information
on the scope of the Conference was
available up to the time of going to
pre




Geostacionarni druzice - zacéatky

1966 — start prvni experimentalni meteorologické geostacionarni druzice USA (ATS-1)

i pllgtlims Technology Satem

1974 — start prvni operativni meteorologické geostacionarni druzice USA (SMS-1)
1977 — prvni japonska meteorologicka geostacionarni druzice (GMS-1)

1977 — prvni evropska meteorologicka geostacionarni druzice (Meteosat-1)

1983 — prvni (funkéni) indicka meteorologicka geostacionarni druzice (INSAT-1B)
1994 - start prvni ruské meteorologické geostacionarni druzice (GOMS-1)

1997 — start prvni ¢inské meteorologické geostacionarni druzice (FY-2A)

2002 — start prvni z druzZic Meteosat druhé generace (MSG-1, resp. Meteosat-8)

2010 - start prvni Korejské meteorologické geostacionarni druzice (COMS-1)

Martin Setvak, CHMU

ATS-1, 11.12. 1966 — vubec prvni snimek Zemé
pofizeny (jakoukoliv) druZici z geostacionarni drahy




Geostacionarni druZice - soucasnost FengYun-48 (FY-48) STATUS: 2023/01
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Podrobny prehled operativnich a budoucich GEO druzic
viz https://space.oscar.wmo.int/satellitestatuses/status
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https://space.oscar.wmo.int/satellitestatuses/status

Geostacionarni druzice - gIObélni pOkryti zdroj: https://www.ssec.wisc.edu/data/composites/local-noon

LOCAL NOON IMAGE 2022-09-29 HIMAWARI. GOES-WEST. GOES-EAST. METEOSAT-FPRIME AND METEOSAT-IODC SSEC/MCIDAS - UW MADISON

L®HCAL NOON IMAGE 2022-09-29 HIMAWARI., GOES-WEST. GOES-EAST., METEOSAT-FRIME AND METEOSAT-IODC SSEC/MCIDAS - UW MADISON


https://www.ssec.wisc.edu/data/composites/local-noon

@& EUMETSAT

Meteosat prvni generace (MFG): Meteosat 1 (1977) az Meteosat 7 (1997)
Meteosat druhé generace (MSG): Meteosat 8 (2002) az Meteosat 11 (2015)

Meteosat treti generace (MTG): budouci Meteosat 12 (2022) a nasledujici



@& EUMETSAT

- listopad 1977 — vypu$téni druzice Meteosat-1 organizaci ESA
- leden 1981 — rozhodnuti o zfizeni nezavislé organizace EUMETSAT

brezen 1984 — zfizeni sekce EUMETSAT uvnitf ESA

— osamostatnéni organizace EUMETSAT,
v té dobé celkem 16 clenskych statl, sidlo v némeckém Darmstadtu

R

- unor 1992 — prvni formalni smlouva (o vyuzivani dat) uzaviena se
statem mimo organizaci EUMETSAT: CSFR zastupovanou CHMU a
SHMU

- brezen 2005 — CR spolupracujicim statem

- podzim 2008 — zah&jeni jednani o zméné &lenstvi CR
ze spolupracujiciho na plné

- gerven 2009 — podpis smlouvy o zméné &lenstvi CR
ze spolupracujiciho na plné
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e EUMETSAT European Organisation for the Exploitation of Meteorological Satellites

Martin Setvak, CHMU

Sidlo organizace EUMETSAT v Darmstadtu (Némecko, cca 30 km jizné od Frankfurtu)



@& EUMETSAT

EUMETSAT
Council Financial Control and
Internal Audit

Policy Advisory Scientific and Technical Administration and |Data Policy
Committee (PAC) Group (STG) Finance Group (AFG) }Group (DPG)

STG Operations Working STG Science Working
Group (STG-OWG) Group (STG-SWG)

erations
y William:

Real Time Services and
System Operations

Vacant

User Support and
Climate Services
Jo ller

Copernicus Programme and
ice Management Office

Administratio

Contracts
Eleni Katsampani

Human Resources
Raffael Cleric

Legal Affairs

r

Strategy, Communication
national Relations

Process Assurance

Generic Systems
and Infrastructure

Graziano Mor

Remote Sensing
and Products

Bojan Bojkov

System Engineering
and Py t

Information and
ion Technology

Organizacéni struktura EUMETSATu

Vrcholnym orgdnem organizace je Rada (EUMETSAT
Council), ktera se zpravidla schazi 2x ro¢né (pouze ve
vyjimeénych pfipadech vicekrat). Zasedani Rady se vétSinou
konaji pfimo v sidle organizace EUMETSAT v Darmstadtu,
zpravidla na pfelomu €ervna a ervence, a podzimni koncem
listopadu az zaCatkem prosince.

Jednotlivé Clenské staty zastupuji (zpravidla) Feditelé
narodnich meteorologickych sluzeb.

Jednotlivym  Zasedanim Rady pfedchazeji jednani
v poradnich skupinach, jejichz doporu¢enimi se Zasedani
Rady zpravidla fidi. Pfedpoklada se u€ast zastupcl vSech
¢lenskych statll v kazdé poradni skupiné.



Meteosat druhé generace

Meteosat Second Generation

MSG

Martin Setvak, CHMU



@& EUMETSAT

Meteosat druhé generace - Meteosat Second Generation - MSG

(2 EUMETSAT

Martin Setvak,

CHMU

MSG-1: 28.8.2002 Meteosat 8
MSG-2: 21.12. 2005 Meteosat 9
MSG-3: 5.7.2012 Meteosat 10
MSG-4: 15.7. 2015 Meteosat 11

Meteosat 10 & 11:

. nominalni pozice: 0° (FDS, full disk scan, interval 15 minut)

. 9.5°E (Rapid Scan Service, RSS, interval 5 minut)

. ostatni polohy k dispozici: 3.4°W a 3,5°E (nové, resp. zalozni druzice)
Meteosat 9:

. I0DC (Indian Ocean Coverage Service): 45.5°E

Meteosat 8 — v pribéhu fijna 2022 deaktivovan, naveden na finalni hrbitovni drahu

Meteosat Treti Generace (MTG) - start MTG-I1 13. prosince 2022


https://www.eumetsat.int/features/ageing-satellite-prepares-final-move-new-era-approaches

@& EUMETSAT

Meteosat druhé generace
(Meteosat 8, 9, 10 a 11)

* 12 channels enhanced
imaging and pseudo
sounding radiometer.

* 100 rpm spin
stabilized body

* Bi-propellant unified
propulsion system

* 500W power demand

» 2000kg in GTO

* Design compatibility with
Ariane 4 (spelda 10) & Ariane 5

* 3 channels imaging
radiometer

*100 rpm spin stabilized
body

|

‘|' * Solid apogee boost motor,
|

|

If * 200W power demand

|

* 720 kg in GTO

* Flight qualified with
Delta 2914, Ariane 1-3-4



Meteosat druhé generace - pristrojové vybaveni
Pfistrojové vybaveni druzic MSG - limitované stabilizaci druZice jeji rotaci

SEVIRI Spinning Enhanced Visible and Infrared Imager
(podrobnéji viz dale)

GERB Geostationary Earth Radiation Budget

- dvoukanalovy radiometr pro méfeni radiacni bilance Zemé
-0.32—-4.0 ym (UV, VIS, NIR) a 4 — 30 um (IR a MW)

- pfesna radiometricka kalibrace, 256x256 pixI, 45x40 km v nadiru
- navaznost na pfedchozi obdobna méreni na polarnich druzicich

GERBZ - Level 2.0 - 20040715_000000

Solar Flux Thermal Flux

SARR Search and Rescue signal repeater — podpora programu COSPAS-SARSAT
(retranslace nouzovych signaltl z pozemnich vysilaca)

Martin Setvak, CHMU


https://en.wikipedia.org/wiki/Geostationary_Earth_Radiation_Budget
http://www.cospas-sarsat.int/en/

SBANDTTC

UHF BAND EDA

ANTENNA PLATFORM

SEVIRI BAFFLE (and COVER)

SOLAR ARRAY

PROPELLANT TANKS

COOLER

LOWER CLOSING SUPPORT

S/LBANDTPA

L BAND EDA

UPPER STRUTS

VIRI TELESCOPE

MAIN PLATFORM

LOWER STRUTS

CENTRALTUBE

SEVIRI SUNSHADE (and COVER)

priizor SEVIRI



CALIBRATION UNIT

TELESCOPE
M 2/3 MIRRORS

SUNSHIELD

SPACECRAFT
INTERFACES

FOCAL PLANE
OPTICAL BENCHES

SEVIRI

Smér Zemé

Rozsah zemského
disku +/- 9°

\\




Meteosat druhé generace - princip snimani SEVIRI

Snimani primarni druzici na nultém poledniku — zakladni rezim — 15 minut, cely zemsky disk (FDS, Full Disc Scan)

zacatek snimku (od jihu k severu) vzdy v 15., 30., 45. a 60. minuté;
nasnimani celého zemského disku za 12.5 minuty
2.5 minuty na navrat pfistroji do vychozi polohy a stabilizaci druzice;

oblast CR snimana vzdy o cca 10 minuty pozdéiji neZ je ,hlavigkovy éas“ snimku

Satellite —>

spin axis
~ 0
s Orbjs Whole disc is covered
s N by 1250 steps
Rozmér snimku celého disku: 3712 x 3712 obr. bod(, rozliSeni 3x3 km v nadiru, pro stfedni Evropu asi 3.2 x 6 km

Martin Setvak, CHMU

pro HRV 11136 x 5568 obr. bod, rozliSeni 1x1 km v nadiru, resp. 1.07 x 2 km u nas




Meteosat druhé generace - princip snimani SEVIRI

Snimani druzici na 9.5°E — Rapid Scan Service (RSS) — snimani po 5 minutach, pouze ¢ast disku (15°N az 70°N)

- v soucasnosti Meteosat-11 (MSG-4), umistény na 9.5°E
- experimentalni charakter sluzby

- pravidelné odstavky sluzby (2 dny kazdy mésic, a pfiblizné 1 mésic koncem roku), ¢asteéné vykryvani zalozni druzici

Martin Setvak, CHMU



kanal 01 VIS 0.6 0.56 - 0.71 ym
kanal 02 VIS 0.8 0.74 - 0.88 um
kanal 03 IR1.6 1.50-1.78 ym
kanal 04 IR 3.9 3.48 - 4.36 ym
kanal 05 WV 6.2 5.35-7.15um
kanal 06 WV 7.3 6.85-7.85 um
kanal 07 IR 8.7 8.30-9.10 ym
kanal 08 IR 9.7 9.38-9.94 um
kanal 09 IR 10.8 9.80-11.80 ym
kanal 10 IR 12.0 11.00 - 13.00 ym
kanal 11 IR 13.4 12.40 - 14.40 ym
kanal 12 HRV 0.5-0.9 ym

solarni kanaly



Meteosat druhé generace - spektralni kanaly pristroje SEVIRI

Martin Setvak, CHMU

kanal 01
kanal 02
kanal 03
kanal 04
kanal 05
kanal 06
kanal 07
kanal 08

kanal 11

kanal 12

VIS 0.6
VIS 0.8
IR 1.6
IR3.9
AAVA
WV 7.3
IR 8.7
IR 9.7

IR 13.4

HRV

0.56 - 0.71 ym
0.74 - 0.88 ym
1.50-1.78 um
3.48 -4.36 ym
5.35-7.15um
6.85-7.85 um
8.30-9.10 um
9.38-9.94 ym

12.40 - 14.40 pm

0.5-0.9 ym

viditelné a blizké IR pasmo

mikrofyzikalni kanaly

pasmo absorpce vodni parou

kanal atmosférického okna

pasmo absorpce O3

kanaly atmosférického okna

pasmo absorpce CO2

viditelné a blizké IR pasmo



MSG - piiklady obrazovych produktu (,advanced image products“) - RGB produkty

. 2007 15:00 156: 00

VIS-IR RGB Airmass RGB

Martin Setvak, CHMU


movies/20070508-14_globe-rgb129.mpg
movies/20070508-14_globe-airmass.mpg

MSG - priklady obrazovych produkti (,advanced image products“) - RGB produkty

2004/03/03 12:12
[ -

Dust Microphysical RGB

Martin Setvak, CHMU



MSG - sendvi¢ové produkty — kombinace HRV a barevné zvyraznénych IR 10.8 nebo RGB snimki

-

sendvi¢ HRV & IR10.8-BT 12.7.2011 17:40 UTC MSG-1, Némecko sendvi¢ HRV & storm RGB

Martin Setvak, CHMU
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MSG-1 28.8.2002 Meteosat 8
MSG-2 21.12. 2005 Meteosat 9
MSG-3 5.7.2012 Meteosat 10
MSG-4 15.7. 2015 Meteosat 11

Meteosat 10 & 11:

. nominalni pozice: 0° (FDS, full disk scan, interval 15 minut)
. 9.5°E (Rapid Scan Service, RSS, interval 5 minut)
. ostatni polohy k dispozici: 3.4°W a 3,5°E (nové, resp. zalozni druzice)

Meteosat 9:
. IODC (Indian Ocean Coverage Service): 45.5°E

Meteosat 8 — v fijnu 2022 deaktivovan a naveden na finalni hibitovni drahu

Martin Setvak, CHMU



Meteosat treti generace

Meteosat Third Generation

MTG

Martin Setvak, CHMU



MTG - Meteésatj Th'i_rd_ Geﬁér'atio'_n.

Meteosat tFeti generace
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MTG - Meteosat tieti generace - Meteosat Third Generation @& EUMETSAT

05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

MTG-I-3: IMAGERY
MTG-S-2: SOUNDING
MTG-I-4: IMAGERY

. 7]

6 1}

MTG-I-1 : IMAGERY F - s
3 R 5

MTG-S-1: SOUNDING ‘ i S
MTG-I-2: IMAGERY “ né-

o
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°
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=

EUMETSAT POLAR SYSTEM SECOND GENERATION (EPS-SG)
METOP-SG A: SOUNDING AND IMAGERY

METOP-SG B: MICROWAVE IMAGERY

| »
[JASON (HIGH PRECISION OCEANALTWETRY) | TE
]
S E
=8
. S8
CSENTINELs@ASONCS) o &
________ _1________________~',._________
. (7]
COPERNICUS g
SENTINEL-3 A/B/C/D a E
SENTINEL-4 ON MTG-S 25 . a
£ O Stav a plany:
SENTINEL-5 ON METOP-SG A = leden 2022

YEAR.. 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21) 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Martin Setvak, CHMU



MTG - Meteosat Third Generation & EUMETSAT

MTG-I ... MTG - Imager
start MTG-11: 13. prosince 2022
celkem 4 druzice MTG-|
MTG-S ... MTG —Sounder

predpoklad startu: 2024 az 2025
celkem 2 druzice (MTG-S1 a S2)

i

,&

.

MTG-I MTG-S MTG-I
Full Scan Service Sounding Service Rapid Scan Service

Martin Setvak, CHMU



MTG - Meteosat tieti generace - Meteosat Third Generation

pfistrojové vybaveni:

konfigurace druzic:

pristrojové vybaveni:

konfigurace druzic:

Flexible Combined Imager (FCI)
Lightning Imager (LI)

Search and Rescue (SAR)

Data Collection System (DCS)

na obézné draze vzdy alespori dvé provozni druzice soucasng,
jedna provozujici FCI v zakladnim (FDS, 10 minut),
druha v (RSS, 2.5 minuty) skenovacich reZzimech

Infrared Sounder (IRS) — hyperspektralni sondaz atmosféry

Ultraviolet Visible Near-infrared spectrometer (UVN), resp. Sentinel-4

na obézné draze operativni vzdy pouze jedna druzice

& EUMETSAT


https://www.eumetsat.int/meteosat-third-generation
https://www.esa.int/Applications/Observing_the_Earth/Meteorological_missions/meteosat_third_generation

MTG — Imager '

MTG Imager ..
(MTG-I)

. 3 9
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‘ ' MTG Sounder
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@& EUMETSAT.

Meteosat Third Generation - Imager 1

Data collection and GEOSAR

L .
. Lightning Imager

FCl:
Flexible Combined Imager




MTG - Imager

Lightning
Imager (LI)

Flexible
Combined
Imager (FCI)

zdroj: ESA

Martin Setvak, CHMU





https://www.esa.int/Applications/Observing_the_Earth/Meteorological_missions/meteosat_third_generation/MTG-I_weather_satellite_passes_tests_in_preparation_for_liftoff

rozli$eni FCI pro oblast CR

oznaceni kanalu stredni vinova délka rozliseni (velikost pixlu v nadiru) Prague, CZ (50°N, 14.5°E)
VIS 0.4 0.444 uym 1km
VIS 0.5 0.510 um 1 km
VIS 0.6 0.640 um 1km NR / 0.5km HRRSS
VIS 0.8 0.865 ym 1 km c
VIS 0.9 0.914 um 1 km :
NIR 1.3 1.380 um 1 km % 2 ks FO1 phced izs
NIR 1.6 1.610 ym 1 km s
NIR 2.2 2.250 ym 1km NR / 0.5km HRRSS g
IR 3.8 3.800 uym 2km NR / 1.0km HRRSS
WV 6.3 6.300 pm 2 km
WV 7.3 7.350 pm 2 km
IR 8.7 8.700 ym 2 km
IR 9.7 (O3) 9.660 um 2km E/W direction in km
IR 10.5 10.50 pm 2km NR / 1.0km HRRSS
IR12.3 12.30 ym 2km FDS = Full Disk Service
IR 13.3 (CO2) 13.30 pm 2 km RSS = Rapid Scan Service
NR = Normal Resolution bands
10 min FDSa RSS NR / 2.5 min RSS HR HR = High Resolution bands




Predbézné spektralni funkce, upfesnéné
budou teprve postupné méfeny pro
jednotlivé konkrétni kusy pfistroje FCI.



https://www.eumetsat.int/mtg-fci-spectral-response-functions-released

Pro potieby seznameni se s vlastnostmi novych kanalli a RGB produktli FCI mozZnost vyuziti dat ze stavajicich

pristrojii — pfedevsim VIIRS, MODIS a ABI

R CORRESPONDING BANDS OF OTHER SATELLITES / INSTRUMENTS
MSG SEVIRI NPP & NOAA 20 VIIRS (Moderate Bands) TERRA & AQUA MODIS GOES ABI
[ viso.a 0.444 1km | — M2 0445 | 0.436-0.454 b3 0470 [0.459-0.479] 0.5km bl | 047 | 045-043 | 1km
| VIS0.5 0.510 1km | — M4 0.555 | 0 : ba 0.555 |0 0.5km —
VIS 0.6 0.640 0.5/1km| viso.6 | 0.635 [0.56-0.71] 3km M5 0672 |0 b1 0.659 |0 0.25km | b2 | o064 | 059-069 | 05km
— HRV* | 075 [ 06-039 | 1km M6 0746 |0 - —
VIS 0.8 0.865 1km | wiso.s | 081 |074-0.83] 3km M7 0.865 |0 b2 * 0.865 0.25km | b3 | 0865 |0.846-0885] 1km
| vIS0.9 (H20) | 0.914 1km | — — b17** | 0905 1km —
| NIR1.3 (H20) | 1.380 1km | — M3 1.378 b26 1375 1km ba 1378 | 1.371-1.38%6 | 2km
NIR 1.6 1.610 1km | NIRL6 | 1.64 |150-1.78] 3km M10 1.61 b6*** | 164 0.5 km b5 161 | 1.55-1.62 | 1km
| NIR2.2 2.25 0.5/1km | — M11 2.25 0.75km | b7 2.13 0.5 km b6 225 [2.025-2275] 2km
IR 3.8 3.80 1/2km | IR39 | 392 [343-436] 3km mM12 3.7 3.61-3.79 b20 3.75 1km b7 390 | 330-400 | 2km
WV 6.3 (H20) | 6.30 2km | Wv6.2 | 6.25 3km - b27****| 672 1km bs 619 | 577-6.60 | 2km
WV 7.3 (H20) | 735 2km | wvz3 | 735 3km - b2s **+| 7.33 1km b10 734 | 721722 | 2km
IR 8.7 8.70 2km IR8.7 | 870 3 km M14 8.55 8.4-8.7 b29 8.55 1km b11 8.5 8.30-8.70 | 2km
IR9.7 (03) 9.66 2km IR9.7 | 9.66 933 ¢ 3km — b30 9.73 1km b12 961 | 5.42-930 | 2km
IR 10.5 10.50 1/2km | IR10.8 | 10.8 [5.80-118] 3km M15 | 10.763 |10.26-11.26 b31 11.03 1km b13 1035 | 101-106 | 2km
IR12.3 12.30 2km | IR12.0 | 120 [11.0-13.0] 3km M16 | 12.013 |11.54-12.49 b32 12.02 7| 1km b15 123 | 11.8-128 | 2km
IR13.3(C02) | 13.30 2km | IR134 | 134 [124-144] 3km - b33 13.34 [13.185-13.485) 1km b16 133 | 13.0-136 | 2km
* broadband channel *  oversaturated for clouds

** slightly broader band than FCI VIS 0.9
*** bad (striped) on Agua
**** pad (striped) on Terra

Zde jsou zvyraznény ty kanaly, které budou na FCI nové oproti SEVIRI, a jejich ekvivalenty na jinych druzicich, resp. pfistrojich.

Nejsou zahrnuty pfistroje dalich druZic, které nékteré z novych kanall - pfedevsim 0.9 um a 1.38 um - bud’ viibec nemaji (Himawari), nebo jejichZ

data jsou hlie dostupna (série FY-4, rovnéZ nemaji 0.9 um).




Predpokladané geografické pokryti rezimem MTG-I FCI RSS. Zdroj:

V ramci EUMETCast-Europe je mozné prenést RSS jednim transpondérem bud
pouze 16 kanalu v NR rozliseni (1 km / 2 km) nebo 4 kanaly v HR rozliSeni (0.5 km
/ 1 km). Nelze soucasné.

Zatim (kvéten 2023) predpoklad, ze prfes EUMETCast-Europe (SAT) budou
prenaseny NR kanaly v ramci primarnich (zalohovanych) transpondérd,
a odpovidajici HR kanaly budou prenaseny nezalohovanymi transpondéry pres
zalozni druzici (viz dale). VSechna data budou zaroven distribuovana pozemnimi
prenosovymi trasami (EUMETC Cast-Terrestrial a/nebo komerénimi
vysokorychlostnimi sitémi).

FCI RSS bude realizovan samostatnou druzici, nejspi§ az MTG-I2
(~ 2024 az 2025). Kazda druzice muze snimat bud cely disk (FDS)
po 10 minutach, nebo RSS po 2.5 minutach, nemuze ale snimat oba
rezimy soucasné.

DruZice ale snima v obou reZimech soucasné jak NR, tak HR data,
ktera budou v plném rozsahu rovnéz dostupna z archivu.

Na rozdil od druzic série GOES-R nebo Himawari-8/9, které mohou
snimat az s intervalem 30 s, ale pouze omezenou oblast, MTG RSS
bude snimat ,pouze” v intervalu 2.5 min, zato ale daleko vétsi oblast,
viz schéma vlevo.

V minulosti (2012 a 2013) experimenty s 2.5minutovym snimanim
druzicemi MSG — coby experimentalni data pro porovnani mezi 2.5 a
5-minutovym reZimem. Zaméfeno predevSim na silné konvektivni
boufe. Viz napf. , hebo souhrn vSech sérii , ha
strankach (CWG) EUMETSATuU.


https://journals.ametsoc.org/view/journals/bams/102/5/BAMS-D-19-0304.1.xml
20130620_Meteosat-8_0900-1930_sandwich_HRV_IR10.8-BT-200-240K_10-fps_1280x800-zoom.mov
https://cwg.eumetsat.int/2013/10/2-5-minute-rapid-scan-experiments-with-the-msg-satellites/
https://cwg.eumetsat.int/category/studies/

MTG-1 FCIl - porovnani rozliSeni s MSG SEVIRI

Martin Setvak, CHMU

Simulovany snimek FCI
v rozliSeni HR kanald
pro stfedni Evropu, {j.

0.5x 1 km ve VIS
1x2kmvIR

Simulace snimku

s vyuzitim 375 m kanalu
12 a 15 VIIRS polarni
druzice NPP

Skute€ny snimek MSG-3
SEVIRI, sendvi¢ HRV
a IR10.8 v rozliSeni

1x2kmvHRV
3x 6 kmvIR10.8

11.6.2018 11:37 UTC



Simulovana data FCI

bR
simulace rozliSeni 0.5x1 km (VIS) / 1x2 km (IR)




Solar Baffle
Encoder | Mirror

—. RVCM-PP
motor

E/W axis

FCI Main Budgets

Volume (m®) 11x11x186
Mass (kg) nom / max 2481296 —
Power (W) nom / max 2411320 Plateform LF
Data Rate (Mb.s') max 58.4

THALES

Assembly



RSS — Rapid Scan Service (2,5 min)

* nasnimani celého zemského disku: celkem 70 ,swaths* (pasu snimani) za ~ 9,5 min
» 1. swath od vychodu na zapad, 2. swath od zapadu na vychod, atd.
» Sifka jednotlivych past snimani — 180 km, vzhledem k mechanismu snimani Sikmo va¢i rovniku

* pribézné (hodné slozité) transformovano do finalni pravouhlé sité



Swath s+2

Swath s+1

Swath s

Swath s-1

Level O
Level 1a
Level 1b

Level 1c

Level 2
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swaths s+1
and s+2 Level 1b
Swaths
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swaths s
and s+1

I Level 1c Data

Chunk

Swath
boundary
between
swaths s-1

ands

konverze z L1b (swaths) do L1c (chunks)

surova namérena data (swaths)
zakladni technické zpracovani LO dat (swaths)
kalibrované radiance a geolokacni informace (swaths)

L1b po pfevodu do pravouhlé sité (chunks)

odvozené produkty (z L1c)

Chunking for 2 km L1¢ grid (70 chunks)
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2000 3000 4000 5000
L1c grid X coordinates

Data distribuovana koncovym uzivatelim systémem
EUMETCast ve formatu Llc (chunks) - distribuce po
jednotlivych chunks v co nejkratS§im ¢ase od naméreni,
pricemz kazdy chunk obsahuje stejny objem dat, ale razny
pocet obrazovych fadka (v zavislosti na vzdalenosti od
rovniku).



m
a
s
Q
P
©
=
]
3
©
o

EUMETCast Europe Transponder Capacity Evolution st updated 24 Jun 2019

= EUR total gross data rate assigned Europe contract end & extension options

Zalozni druzice systému EUMET Cast

EUTELSAT HB13 (13°E) _I_r Transponder 5

Transponder 4

non restorable flexible capacity

Transponder 3

Primarni druzice systému EUMET Cast
restorahle capacity

|

Transponder 2

EUTELSAT 10A (10°E)

Transponder 1

0 T T

Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Jan-25

Jan-26 Jan-27 Jan-28 Jan-29 Jan-30

MTG FCI RSS HR

MTG FCI FDS
MTG FCI RSS NR




- opticka detekce bleskl (véech, CG, IC a CC) v emisni ¢are 777.4 nm atomarniho kysliku
- trvale, i v dennich hodinach
- celkem 4 kamery, kazda 1170 x 1000 pixIt (CMOS), v nadiru rozliSeni 4.5 km

LI grid of 4.5 km at SSP LI grid of 4.5 km at SSP LI grid of 4.5 km at SSP

“Events” ————) "“Groups” rC———) “Flashes”
(strokes)

Structural

Bench

SSP = Sub-Satellite Point

Postup zpracovani (L2 data)

SVET S — zaznamy zablesku (vybuzeni) jednotlivymi pixly senzoru
Groups — skupiny navazujicich pixld vybuzenych v rozmezi 1 ms (odpovidajici jednotlivym vybojim)
Flashes — souhrn skupin (vyboju) vyhodnocenych jako jeden blesk

Vystupni data pro uZivatele:

- bodové data — jednotlivé vyboje a blesky

- akumulovana data — suma bodovych dat za néjaky pevny interval (od 30s vySe), plosna ,hustota”
bleskl za zvoleny ¢asovy interval, zobrazeni ve stejné obrazové siti jako 2 km IR data FCI

Podrobnéji v samostatné prednasce v ramci NMET079 (Distan¢ni metody |1.)
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Meteosat Third Generation - Sounder

B

IRS: )
InfraRed Sounder

Copernicus Sentinel-& UVN:
Ultraviolet Visible and Near-infrared Souns




Hyperspektralni interferometricka sondaz atmosféry

- pasma 14.3-8.3 uym (800 spektralnich kanal) a 6.25-4.6 um (900 kanalu)

- rozliSeni 4 km (v nadiru), frekvence snimani 30 minut (Evropa), resp. 1 hodina (zbytek polokoule)

MTG-S Infrared Sounder (IS)

nterferometer

Thales-Alenia
Space (Cannes)




78 LAC1+78 LAC2 + 78 LAC3 + 79 LAC4 =313 Dwells

Interferogram

4km
Spatial

sample

Spectrum
”\\ ) L1

wavenumber

»  Zemsky disk rozdélen na 4 oblasti (Local Area Coverage, LAC),
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»  kazda LAC obsahuje 78 — 79 ,dwells”, zastavek krokujiciho mechanizmu
IRS (cca 10s)

» snimac (odpovidajici rozsahu ,dwell”) obsahuje 160x160 pixI{, které pfi
kazdé zastavce naméfi interferogram (LO data), ktery je nasledné
odeslan z druzce k dalSimu zpracovani na zemi, kde jsou z néj pak
odvozena L1 data.

Y

Oblast Evropy (LAC 4) snimana kazdych 30 minut, cela Zemé pak
kazdou hodinu.

Podrobngji v samostatné prednasce v ramci NMETO079 (Distanéni metody I1.)



»  Spolecny pfistroj programu Copernicus (EC) a organizaci ESA a EUMETSAT, proto téZ oznacovan jako Sentinel-4, zamérfeny
na chemizmus atmosféry

pfedevsim celkové mnozstvi O;, NO,, SO,, HCHO (formaldehyd) a CHOCHO (glyoxal)

dale téz zakladni (optické) parametry aerosoll a oblacnosti

>
>
»  hyperspektralni spektrometr, snimajici v pasmech 305 — 500 nm (UV, VIS) a 750 — 775 nm (NIR)
»  spektralni rozliSeni 0.5 nm, geografické rozliSeni 8 km (na 45°N)

>

snima oblast Evropy a severni Afriky, interval snimani 1 hodina
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Doprava MTG-I1 z Francie do Kourou lodi MN TOUCAN (29. zafi - 12. fijna 2022, zdroj: ESA a EUMETSAT)

Martin Setvak, CHMU
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Meteosat-8 (MSG-1) — program IODC do €ervna 2022, poté postupné& pfemistén na hibitovni drahu a jeho deaktivace
Meteosat-9 (MSG-2) — od Cervence 2022 program IODC
Meteosat-10 (MSG-3) — primarni druzice pro RSS do konce roku 2022, poté k dispozici pro FES do roku 2030

Meteosat-11 (MSG-4) — k dispozici pro FES do konce 2033 (za pfedpokladu 5 let provozovani RSS, dokud nebude k dispozici MTG-12)

MTG-I1 (budouci Meteosat-12) — start 13. prosince 2022, nasledovany 11 mésici testovani a zprovoziovani, operativné FES sluzba

MTG-S1 (budouci Meteosat-13) — predpokladany start v prvni poloviné 2025 (v zavislosti na pfipravenosti a dostupnosti Ariane 64)

MTG-12 (budouci Meteosat-14) — prfedbézné planovany start konec 2026, sluzba RSS

MTG-I3, 14 a MTG-S2 ...



Projekt EUMETSATu zaméreny na pripravu uzivatelli na nastup druzic MTG (a obdobné na druzice EPS-SG):

- pracovni skupiny (users groups) ze zastupcu uzivatelll ze vSech meteorologickych sluzeb ¢lenskych stat
- informovanost uzivatelt o tom, co vSe bude prechod obnaset (jak technicky, tak z hlediska o¢ekavaného pfinosu novych dat)
- technické otazky — pfijem a zpracovani dat, format a objem dat, navysSeni systému EUMET Cast

- nova data — co nového pfinesou, jak nova data interpretovat, vzdélavaci workshopy a Skoleni — pfiprava vzdélavacich material(i
a informativnich stranek

= , jak informaéni a technické materialy, simulovana data, informacni férum, ...
- simulovana testovaci data pro pfipravu IT na navySeni objemu dat a jejich nové formaty, testovaci prenosy, zpracovani, ...

- inicializace komunikace mezi uzivateli a vyrobci komerénich systémud, ...

- atd.


https://www.eumetsat.int/mtg-resources

Simulace budoucich kanalti a RGB produktl FCI

(na zakladé dat z pristroje VIIRS polarnich druzic NPP a JPSS)

Martin Setvak, CHMU



2021-04-06, 12:15 UTC, NOAA-20, VIIRS snimek: NASA EOSDIS Worldview



https://worldview.earthdata.nasa.gov/?v=-45.082067663028084,17.827893264747686,59.38473264054552,97.17537807807021&l=Coastlines_15m,Reference_Features_15m(hidden),Graticule(hidden),OrbitTracks_NOAA-20_Ascending(hidden),OrbitTracks_Suomi_NPP_Ascending(hidden),VIIRS_NOAA20_Brightness_Temp_BandI5_Day(hidden),VIIRS_SNPP_Brightness_Temp_BandI5_Day(hidden),VIIRS_NOAA20_CorrectedReflectance_TrueColor,VIIRS_SNPP_CorrectedReflectance_TrueColor&lg=false&t=2021-04-06-T11:07:10Z

RGB True Color

M4 (0.555um), FCI VISO0.5

M3 (0.488um), FCI VISO.4
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Martin Setvak, CHMU



M15 (10.76 um), BT 210 - 310K, IR 10.5

Klasicky tepelny kanal. Zde je uveden
pouze pro zakladni orientaci ve snimku.

Martin Setvak, CHMU



M7 (0.865pm), ref. 0.0 - 1.1, FCI VISO0.8

Klasicky kanal ve viditeIném / blizkém IR
pasmu. Zde je uveden pouze pro
zakladni orientaci ve snimku.

Martin Setvak, CHMU



M9 (1.378 um), ref. 0-65% lin. stretch, FCI NIR1.3

-

e D

£

Kanal v pasmu absorpce vodni parou ve
spodni az stfedni troposféfe - ddvod,
pro¢ je vSe mimo nejvyssi oblacnost
zobrazeno tmave.

Obdobné zobrazeni se pouziva napf. jako
maska nejvyssi oblac¢nosti, napriklad pro
monitorovani konvektivnich boufri.
Dostupnost informaci z nizSich hladin
troposféry zavisi na celkovém mnoZstvi
absorbujici vodni pary.

Obdobné vlastnosti a vyuziti by mél mit
FCI kanal VIS0.9 (0.914 pm), ten ale
zatim k dispozici pouze v ramci pristroje
MODIS, kde ale ponékud odliSny rozsah
(a tedy i vlastnosti). Zvazuje se jeho
vyuziti pro stanoveni celkového mnoZstvi
H20 v troposféfe (jako tzv. precipitable
water).

Martin Setvak, CHMU



M9 (1.378 um), ref. 0.08% - 100%
histogram equalization stretch, full image

Tentyz kanal s vyuzitim zvyraznéni
snimku ekvalizaci histogramu.

Vyuzitelnost, resp. vhodnost této metody
hodné zavisi na zvolené oblasti pouzité
pro vypocCet ekvalizace histogramu.
Vhodné predevSim pro zvyraznéni
slabsich cird, ptipadné aerosoll. Vzhled
nizsi oblac¢nosti ovlivnén mnozstvim H20
pary nad touto oblacnosti.

Martin Setvak, CHMU




M10 (1.61pum), ref. 0.0 - 0.7, FCI NIR1.6

Prvni z tzv. mikrofyzikdlnich kandlG.
Vzhled oblacnosti zavisly na slozeni horni
hranice oblacnosti (HHO) - predevsim na
fazi (voda/led), vyrazné méné na
velikosti Castic.

Primarni vyuziti: rozliSeni faze oblac¢nosti
(voda x led). Vodni oblacnost vysoka
odrazivost, ledova oblac¢nost, snih a led
nizka odrazivost.

Pouzity v rdznych mikrofyzikalnich RGB
produktech, at jiz stavajicich nebo
budoucich na FCI.

Spolec¢né s 2.25 pym a 3.8 um kanaly
vyuziti pro detekci pozart (Fire RGB, zde
neuveden).

Martin Setvak, CHMU



M11 (2.25um), ref. 0.0 - 0.6, FCI NIR2.2

Novy NIR mikrofyzikalni kanal. Citlivost
predevsim na velikost castic, vyrazné
méné na fazi (voda/led).

Nejvyssi odrazivost pro drobné dcastice,
s rostouci velikosti odrazivost klesa.

Pouzitelnost: predevéim v rlznych RGB
produktech, zamérenych na mikrofyziku.

Spolecné s 1.6 pm a 3.8 pm kanaly
vyuziti pro detekci pozarl (Fire RGB, zde
neuveden).

Martin Setvak, CHMU



M12 (3.7 um, refl.), BT 245 - 330K, FCI IR3.8

Nejstarsi mikrofyzikalni kanal, dostupny
jiz na AVHRR (od r. 1979). Na rozdil od
predchozich dvou kandll jiz vyznamna
tepelnd slozka, v dennich hodinach
srovnatelna s odrazenym zarenim.

Oproti 1.6 pm a 2.25 pm kanalim
nejmensi zdavislost na propustnosti
oblac¢nosti, a tedy reprezentativnéjsi pro
stanoveni  mikrofyzikalnich  vlastnosti
nejsvrchnéjsich vrstev obla¢nosti. Diky
tomu nejpresnéjsi kanal pro stanoveni
mikrofyziky HHO, vcetné konvektivnich
boufi.

Nevyhoda - pro detailni mikrofyzikalni
Ucely pouzitelny pouze ve dne. V noci
pouze tepelna slozka, vyuzitelnd pouze
pro réamcové stanoveni mikrofyziky (pro
HHO konvektivnich boufi velmi nizka
Uroven intenzity zareni, nerozlisi detaily).

Na rozdil od SEVIRI (IR3.9) na FCI jiz
nebude zasahovat nad 4 pm, do oblasti
absorpce H20 a C0O2 >>> exaktnéjsi
kvantitativni vyuzitelnost.

Spole¢né s 1.6 ym a 2.25 um kanaly
vyuZiti pro detekci pozar (Fire RGB, zde
neuveden).

Martin Setvak, CHMU



RGB 24M (24h Microphysics)

M15 (10.76 um) - M14 (8.55um),
-0.5 - +3.8K lin., FCIIR10.5 - IR8.7
M15 (10.76 um), BT 240 - 280K lin., FCI IR10.5

Klasicky mikrofyzikalni 24M RGB produkt,
vyuzivajici pouze IR kanaly. Diky tomu
sice pouzitelny nepretrzité, ale méneé
detailt o jeji morfologii (strukture).

Zde uveden pro porovnani s novéjsimi
dennimi RGB produkty, zamérenymi na
mikrofyziku oblacnosti.

Martin Setvak, CHMU



RGB Snow (Daytime Microphysics)

M10 (1.61um), ref. 0.0 - 0.7, y=1.3, FCI NIR1.6 [
M12 (3.7 um, ref) BT 250-325K, y=1.3, FCI IR3.7

Starsi denni mikrofyzikalni RGB produkt
(pouzivany na SEVIRI), vyuzivajici pouze
dva ze tfi mikrofyzikalnich kanald.

Primarné urcen pro odliSeni nizké az
stredni oblacnosti od zasnézeného
zemského povrchu, resp. faze oblacnosti.

Zde uveden pro porovnani s novéjsimi

dennimi RGB produkty, zaméfenymi na
mikrofyziku oblac¢nosti.

Martin Setvak, CHMU



RGB Cloud Phase

0 lin., FCI NIR2.2

M11 (2.25pm), ref. 0.0 - 0.5
0 - 0.95 lin., FCI VIS0.6

M5 (0.67 um), ref. 0.

Jeden z novych dennich mikrofyzikalnich
RGB produktl, primarné uréeny pro
rozliSeni faze oblac¢nosti (1.6 ym kanal)
a velikosti ¢astic (2.25 ym kanal).

Tmava modra - zasnézeny terén.

SvétlejSi modra - opticky mohutna

oblac¢nost tvorena vétsimi krystalky ledu.

SvétlejSi modrozelena - opticky husta
oblacnost tvorena drobnéjSimi krystalky
ledu.

Odstiny fialové, rzové az zluté - opticky
mohutnéjsi oblacnost tvorena vodnimi
kapkami. Fialova - nejvétsi kapky, zluta
az bild - nejmensi kapky.

Nejvétsi nevyhoda tohoto RGB produktu
- neni schopen rozlisit Fidké ciry.

Martin Setvak, CHMU



RGB Cloud Phase Distinction

FCI VISO0.6

M5 (0.67um), ref. 0.0 - 1.1,
0 - 0.6, FCI NIR1.6

M10 (1.61pum), ref. O.

Dalsi z novych dennich mikrofyzikalnich

o . I v v ’
RGB produktu, primarné urceny pro
rozliSeni faze oblacnosti.

Syta zelena - zasnézeny/zalednény terén

Svétlejdi modra, rdzova a fialova - nizka
az stredni oblacnost tvorena vodnimi
kapkami.

Svétlejsi zelena - promrzajici oblacnost

Svétle oranzova az Zlutd - promrzl3,
opticky mohutna vysoka oblacnost,
predevsim konvekce.

Tmava oranzova az cervena - ridké ciry
¢i okraje kovadlin boufi.

Oproti predchozim mikrofyzikalnim RGB
produktim vyraznéjsi odlideni mohutné
konvekce od vseho ostatniho, proto
urcen predevsim pro monitorovani boufi.

Martin Setvak, CHMU



RGB Cloud Type

FCI VISO0.6

M5 (0.67um), ref. 0.0 - 1.1,
0 - 0.6, FCI NIR1.6

M10 (1.61pm), ref. 0.

Témér identicky (z hlediska interpretace
barev) denni mikrofyzikalni RGB produkt
jako predchozi (Cloud Phase Distinction).
Jediny rozdil je v Cervené slozce - misto
tepelného kanalu pouzit kanal 1.38 pym,
ktery je citlivéjsi pro detekci fidkych cird.

V obou RGB produktech je vhodné
nastavit v cCervené slozce vyraznéjsi
zobrazeni v tmavych, resp. chladnych
Castech pasma - lepsi zobrazeni fidkych
cird bez ,prepaleni® opticky mohutné
oblac¢nosti (centralnich casti boufri). Viz
posledni tfetina prezentace (konvektivni
boure).

Martin Setvak, CHMU



18. 3. 2023 (11:45 UTC) - vlbec prvni snimek pofizeny druZici MTG-I1 pfistrojem FCI

4, 5. 2023 - zvefejnéni prvnich snimkd

od kvétna do listopadu dal&i pribézné testovani ptistroje FCI (véetné reZimu rapid scan)
prvni data pro externi ,closed loop testers" nejspié v ¢ervenci (véetné druzicového odd. CHMU)

operativni dostupnost snimkd FCI od prosince 2023 (pak druZice pfejmenovéna na Meteosat-12)


https://www.eumetsat.int/features/discover-first-images-mtg-i1
https://imagine.eumetsat.int/smartViews/view?view=MTG-I1FirstData

G EUMETSAT 18. 3. 2023, 11:45 UTC

True Color RGB

Martin Setvak, CHMU
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Airmass RGB

Martin Setvak, CHMU
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Cloud Type RGB

Martin Setvak, CHMU
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IR10.5 sendvi¢, Guinea
interval snimani 10 minut




Dalsi zdroje informace k druzicim MTG a jejich pristrojim:

+ https://www.eumetsat.int/meteosat-third-generation

» https://www.eumetsat.int/mtg-resources

» https://www.esa.int/Applications/Observing the Earth/Meteorological missions/meteosat third generation

» https://www.esa.int/ESA Multimedia/Missions/MTG/

» https://www.eoportal.org/satellite-missions/meteosat-third-generation

» https://www.arianespace.com/vehicle/ariane-6/

» https://www.esa.int/Enabling Support/Space Transportation/Launch vehicles/Ariane 6

« https://journals.ametsoc.org/view/journals/bams/102/5/BAMS-D-19-0304.1.xml (BAMS, 2021)

+ https://www.chmi.cz/files/portal/docs/reditel/SIS/casmz/assets/2023/MZ 02 2023.pdf (Met. zpravy 02/2023)

Martin Setvak, CHMU


https://www.eumetsat.int/meteosat-third-generation
https://www.eumetsat.int/mtg-resources
https://www.esa.int/Applications/Observing_the_Earth/Meteorological_missions/meteosat_third_generation
https://www.esa.int/ESA_Multimedia/Missions/MTG/
https://www.eoportal.org/satellite-missions/meteosat-third-generation
https://www.arianespace.com/vehicle/ariane-6/
https://www.esa.int/Enabling_Support/Space_Transportation/Launch_vehicles/Ariane_6
https://journals.ametsoc.org/view/journals/bams/102/5/BAMS-D-19-0304.1.xml
https://www.chmi.cz/files/portal/docs/reditel/SIS/casmz/assets/2023/MZ_02_2023.pdf
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