Poccuifckad akageMus HayK
Komucens no paspabotke nayyHoro Hacaenus K.3. H{nonkosckoro

TocynapereeHHEI My3eH HCTOPHH KOCMOHABTHKH
M. K.3. TIHOIKOBCKOr

TPYAbI XLV YTEHWI,
MNOCBSIIEHHBIX PA3PAGOTKE
HAYYHOI'O HACJIEIAS
Vi PA3BUTHIO HAEH
K.D. [[MOJKOBCKOI'O

Cexuus “Mpobnemsr pakemHod U KOCMUYECKOU MeXHUKU™

r. Kanyra, 14 — 16 centabps 2010 .

Kazanb - 2011




YIK 656.7
BBK 39.62
T78

Tpymet XLV uTeHHH, NOCBAMEHHSIX paspaboTKe HayyHOIO Hacaemud
paspuraio e K.3. I[HONKOBCKOTO. Cexima "Tpoboemel pakeTHOH H
xocmmueckolt Texmmxu” (r. Kanyra, 14-16 centsabpa 2010 r.). Kazaue: LlenTp
Oneparussoif [Nearu, 2011. - 262 ¢.

ISBN 978-5-94541-073-2

COOpHUE COAEPHHMT MATESPHAIbl JOKIAKCE XLV ureHuil, NOCBAIEHHEX
pazpafoTKe HayyHOro Hacnemusdl ™M pasBUTHIC HOSH K.3. 1IHOIKOBCKOTO,
TPE/ICTABTEHERX Ha CeKiuu "IIpobmensl paKeTHOH ¥ KOCMHUECKOH TeXHHKH" B
Kanyre 15 cemrsabps 2010 r. Manomesbl OCHOBHBIC MPHHLMTEL H METOIBI
hopMEpOBaHus MOIENeH CIOKHBIX TEXHUYECKHX CHCTEM. PaccMOTpesB! IPHHLMIE]
COBIARMA W JAHBI TEXHUYECKME XaPAKTEPUCTHKHM HA3CMHOTO CETMEHTA [OJE3HOU
HATPY3KH  [IPOEKTa EnMAP. TlpencraencHa — KOHIEHIEHA — PACIIMpEHMA
IKCTIEPUMEHTATEHO-AEMOHCTPALHOHHONO {parmedTa [0 NONHO VHKIMOHATEHOH
cuctemsl obpaborku mammerx [133. I'pymna pabor corpyasukos PKK «3Heprum:
NOCBSMIeHa ~ BOmpocaM  obecredenus — QYHKIMOHHAPOBAHUA MexmyHapogao#
kocmuaeckoil craHmuy (MKC): npupeneHbl pesyNbTATH aHAIN3Y >((eKTHBHOCTH
BLIONMHCHAS NPOrpaMMEL HAYYHO-TIPAKTHYECKHUX HCCNeNoBaHHl Ha POCCHHECKOM
cermerte (PC) MIEC; PACCMOTPEHE! [ICPCMEKTHEEl PARBUTH KOMISKCA IETCBRIX
Harpy30K JULA BBINOFHEHN HOATOBPEMEHHON IPOrpaMMEL HAY9IHEIX SKCHSPHMEHTOB
gz PC MKC; NpOaHATH3HDOBAH ONBIT DEiM3aljfel TNPOTPAMMEI HAYHHDBIX
sxcrnepuMerToB Ha MKC; paccMOTPEHB [CPBHIC —PESYILTATEL HCRONBE30EaHHNA
dorocnexrpanstoi cucremel PCC B IKCIEPUMEHTE «Vparany; pacCMOTPEHE METOJE!
o6paforky mudopMalkM B 3a1adax H3YUCHIA KaracTpohHueckuX sBISHNH ¢ Bopra
MKC. I'pynna paboT IpeacTapieHa CoTpyRHHKAMH TK HIII sm. M.B. Xpyuudesa:
NpORHATM3MPOBAHBl  BOSMOXHOCTH  HCHONB3OBAHMA — METOILOB MAILIHHHOTO
IPOSKTHDOBAHNA (IPY BRGOPE NPOEKTHEIX NTAPaMETPOB MIOTAPYEMBIX KOCMHYECKHX.
KOMILIEKCOE; H3jIoxena xonuenuua [lenTpa wo CO3aHMI0 MHOTOpa30B0oH paKeTHO-
KOCMITYECKOHl CUCTEMbl TEPBOTO 3TAld; NPHBEICHH PEsy/bTaThl aHANM32 CPENCTR
BHIBENEHWA 714 MHIOTHPYEMEIX NONETOB Ha Mape, pacCMOTPEHB IPOCKTHEIS 2CTIEKTE]

HCTIOb30RA KU, HCKYCCTBEHHOMN TAKECTY TIPH MEKILIAHETHBIX epentTax.

Penaxumonnas Kowyerns: M.S1. Mapos (mpencenarens), B.B. banauros,
10.B. Bupiokos, H.b. bomuu, M.H. byprnaes, B.B. Bopo6sée, T.H. Kennnra,
BIL Kasaxkoenee, B.B. Kaswornackuii, E.H. Kysus, B.M. Maeprugui,
1O.A. Margeeg, .M. Manges, [.A. ITonrasex, B.J. dnopos, O.C. Ipraukos

OrBercrrennnie cexperapu: H.I'. Berosa, B.M. HecHop

OTBEeTCTREHHLIE PEJIAKTOPM ! KaHI. TéXH. HaYK B.B. Banarios, A0KI0p
texs. nayk M.IO. Bewer, T.H. Tan, yueHHE CEKpeTapH C.B. TumolIeHKo,
T.O. Letitnnaa

JiurepaTypnbiii penaxrop: E.B. AGakymosa
ISBN 978-5-94541-073-2 © Yenrtp Oneparuenoi ITevaty, 2011
© Poccuiickas AxapeMis Hayx, 2011
© TocymapcTBeHHbIH My3ell HCTOPHH KOCMOHABTHRH
um. K3, I{uonxosckoro, 2011

Veepsiro Bac, uenosex nonemiim ¢ Kocmoc na
pareme... Koneuno, smo Gydem pyccras paxemd,
U, KOHEYHO, HONEMUM HA Hell PYCCKUTN Yenoeex. ..
Hpoiidem ewe ne boneee 30-40 nem, nayxa
BRAOMHYIO HPUBIUIUMCS K KOCMUHECKOMY PEUCY.
Dmom CHUQCHIUELE Oelb CIANYm CYUManb
HEpabIM OHEM KOCMUYECKOU 3081 8 HCUTHM
uenoseyecmed. Imom Oenb 1 UM NePE02o
KOCMORAEMA BUHOYM 6 UCMOPUIO HEN08eHeCmEd

K. Ilnonkosckuki

Cexnaus

«IPOBJIEMBI PAKETHOH
U KOCMHAYECKOMN TEXHUKN»




22 Cexnuia "TipoSiemsi pAKeTHOR B KocMmIecKol TeXHAKA"

2. Mozema  pasBMTHA  CHCTEM /l Matepuansl HayJHO-TIPAKTHYECKOH
xouGepesn  «bnsHeC M obpasosanuey. OMCK, Wza-so  «llporpecc»
OMCKOr0 HECTHTYTA [IPEIPHENMATEBCTBA 1 ITPasd, 2004.

Tepexosa C.A. HeHpOCETEBHIC pHMOPMALMOHAEE MOAEIH  CIOMHBIX

pKeHepHBIX  cacTeMm  // http://www.ch70.chel.su. Jlaboparopus

VickyceTBeHHbIx HelpoHHBIX Cereii, Poccutickuil PenepansHEIi SnepHBIi

neHTp — BeepoccuicKuit HWY Texuuueckol OH3HKK.
4. Hocnenos I'A. MaTeMaTHaeckoe MOJEIHPORAHAC HKOHOMMYECKHX, CHCTEM
(mpeaerrraigs) // BLL PAH, Ornen MareMaTHIecKkoro MOZETHPORAHML
5. Caprucan C.A., Munaes 9.C. DJKOHOMHYECKAs OLEHKAa JETATelIBHAIX
aunaparos. M., MamIMHOCTPOCHHE, 1972.
6. HeifpoHHeie CeTH. STATISTICA Neural Networks: Metononorus H
TEXHONOTHH COBPDEMEHHOTO aHANM3a [AHHBIX. — M.: [opsuas I¥HAL -
TengexoMm, 2008, - 3592 ¢.
7. Koxonen T. CaMoOpraHM3yromgecs Kaprel. — M.: Brmom. JlaGoparcpha
auamnii, 2008, — 655 ¢.
8. [moeba CJI. TIpoeKTHPOBAHHE HEUETKAX CHCTEM cpencrsamu MATLAB. —
M.: «Topsaas miHkS — TeneKom», 2007.- 288 ¢.
9. Jleonenxos A.B. Heu&Tkoe MOJSIMPOBAHME B cpene MATLAB n fuzzy
TECH. CII6., «BXB — IetepGypr», 2005.
10. Zadeh L. Fuzzy Sets // Information and Control. — 1965. — Ne8. — P, 338-353.
11. Hbepna K. daxTopHEIA aHAINS. M., «CTaTHCTHKAR, 1980.
12. Toroczkai Z. Complex Networks. The Challenge of Interaction Topology //
Los Alamos Science, Ne29, 2005.

13. Bapabawu A.~JL, Bouabo . Beamacmrrabusie ceTy // «B MUPE HAYKI?, NeB,
2003. C. 54— 63.

14. Albert R., Barabasi A.-L. Statistical mechanics of complex networks /
Reviews of Modem Physics, V. 74, January 2002.

o

[¥3)

o T T T T

Tpyzet XLV Yrerwit K.3.Juonkoeckoro. Kamyra, 2010
, 2 23

Payload Ground Segment of the EnMAP Mission

K.-D. Mz‘ss:lingl, H. Damerow" M. Habermeyer?, H. Kaufmann®, H. Maass'
H. Mithle?, R. Miiller?, J. SchwarZ', T. Storch?, M. Tegler’ TTian®

Gf:lman Acrospace Center (DLR)
Applied Remote Sensing Cluster (CAF)
D- 17235 Neustrelitz, Kalkhorstweg 53'  D-82234 WeBling?
Germany

Deutsches GeoForschungsZentrum (GFZ)
Telegrafenberg, D-14473 Potsdam®, Germany

~ GEOMIR*
O_hmplysky prospekt, 50;
Mytischi, Moscow area, Russia

0. Abstract

gllfstgelélag Aerospace Center DLR — namely the Applied Remote Sensing

sy : _ancl the German Space Operations Center GSOC — is responsible
P e estat llghrnfmt of the ground segment of the future German hyper-spectral

ia e. ite mission EnMAP (Environmental Mapping and Analysis Program-

Tﬂp.//w.enmap.org, planned launch 2014).

Wt.lteh Apphed Remote Sensing Cluster has not only a long standing experiences

v UI;[ alastg-wf?tlltli bsp‘alug_ebomedpiroc:ess.i.ng and analysis of hyper-spectral image data

ui i
praso il ing and operation of payload ground segments for a multitude
This paper gives an overview of the mission and its elements. It mainly deals

Wlt:h the O eIatIOHal a.nd i ath Chaln ﬁ'OIIl I'eCE:pthIl via IOCeSS].D.g to

1. General

gac;nsel}cile:r}g the tech_mc_al deve_lopment of remote sensing of the last 30 years we
e gonence a significant improvement of spatial resolution, e.g. Landsat

(80 m) t-o. IKONOS (1 m). This development benefits applications lik
pattern recognition or derivative of DTMs (digital terrain model). The s ectra?
-resoluuon lagged behind this progress. Two spacebomne .hype'rsgectral
Instruments are currently operated for civil earth observation in technical

£ i i it petessiand
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_demonstration missions (HYPERION (NASA/USGS) and CHRIS (ESA))

[1.].80 the provided spectral resolution in routine operations is not sufficient to
identify most surface materials. But now several missions are in the planning
pipeline which can complement traditional optical missions {e.g. LDCM -
Landsat Data Continnity Mission) by hyperspectral components. Beside
PRISMA (ASI), HISUT (METI) and HyspIRI (JPL) the German EnMAP-
mission belongs to it.

This national mission is managed by the German space agency (DLR) which has
contracted OHB technology AG, which is responsible for the space segment
incl. launcher. The EnMAP ground segment will be constructed and operated by
DLR. EnMAP is dating from a Call for Proposals for a national future Earth
observation mission by DLR Agency in 2003. In 2004 two mission concepts
have been selected: the SAR Interferometry Mission TanDEM-X (launch
21.06.2010) and the Hyperspectral Mission EnMAP. The mission preparation is
now in Phase D: Production, Test, Verification and Validation. The launch with
PSLYV is envisaged for 2014.

The major objectives of the EnMAP mission are to measure, derive, and analyze
diagnostic parameters, which describe vital processes on the Earth’s land and
water sites. Those geochemical, biochemical, and biophysical parameters are
assimilated in physically based ecosystem models, and ultimately provide
information reflecting the status and evolution of various terrestrial ecosystems.

2. Mission in detail

Figure 1 EnMAP orbit
and payload ground
station

“The size of the satellite is
in the range of 3.1 m x 1.7
m x 1.3 m with a total
mass of 850 kg (sensor
HSI 170 kg). It is designed
for an average power
consumption of ca. 450
W. The mass memiory has
a planned capacity of 512
Gbit. The EnMAP satellite
B will be operated on a sun-
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synf:hronous orbit at 643 km altitude with an inclination of 97.96° and Orbital
period of nearly 98 minutes. The Equator crossing time is designated with 11:00
h chal Time of Descending Node. This allows a maximum reflected solar input
rad13:nce at semsor with an acceptable risk for cloud coverage. The mission
requires a pointing accuracy better than 500 m and a pointing knowledge better
than 100 m. Operational Lifetime is planned with 5 years
The satellite (s. Figure 2) will have an across-irack tilt capability of = 30° which
en.ables a revisit time of four days. The instrument (Hyperspectral Imager, HIS)
will cover a spectral range from 420 nm to 2450 nm. This will be performed by
2 detector arrays for
¢ VNIR (visible and near infrared, 420 nm < A < 1000 nm, Themmally
controlled to 0.1 K) with approximately 96 spectral channels, i.e. 6.5'mm
spectral resolution, and for
o SWIR (shortwave infrared, 900 nm < A < 2450 nm, Actively cooled: 150
K) with approximately 136 spectral channels, ie. 10 nm spectral
resolution,
each with a dynamic range of 14 bits. FOV (Field Of View) separation will
amounts 88 msec comrespending to 600 m on ground. The pixel size is nearly 30
m % 30 m which lead to a swath width of 30 km [2.].
The system performance is designed for up to 50 data takes per day with total

length of more then 5000 km whereas a single data take can have a maximum
track length of 1000 km.

Figure 2 Instrument Charactél:isﬁcs
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3. Ground Segment

The Ground Segment interconnects the EnMAP User Segment with the Space
Segment. Observation requests from users of several categories will result in
telemetry commands. From acquired HIS data the ground segment will derive
calibrated products for the users {s. Figure 3).

PCV
Processor and CalVal
Segment

EnMAP Ground Segment {DLR)

Ohservation Requests
&Data Product Oders |

The Groundsegment consists of 3 specialized elements. The Mission Operations
Segment (MOS) is responsible for the satellite operation. Telemetry/
Telecommand is performed via the main ground station Weilheim. The
Processor and Calibration/ Validation segment (PCV) monitors the quality of the
HIS data, validates new calibration data sets and-possibly updates the data
PIOCEsSOrs. o

The Payload Ground Segment intercomnects all Mission elements via the
inherent Data and Information Management System (DIMS). Main reception
station for the 320 Mbps- payload telemetry is DLR Neustrelitz. There also the
systematic processing, archiving and distribution of products takes place. Figure
4 shows the three-stages processing chain. User can formulate the processing
status in the product order.
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Figure 4 Processing Chain

Ounly radiometric corrected products are possible just as fully corrected data sets.
Objective target was also to minimize the number resampling steps in the
processing chain.

The Level 1 processor will correct the hyperspectral image for known effects,
e.g. radiometric non-uniformities, and will convert the system corrected data to
physical at-sensor radiance values based on the currently valid radiometric
calibration values and dark current measurements.

The Level 2geo processor will create orthoimages by direct georeferencing
utilizing an adequate digital elevation model. The extraction of Ground-Control-
Points from existing reference images by image matching techniques - if
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suitable reference images are available - serve to improve the Line-of-Sight
vector and therefore to increase the geometric accuracy of the orthoimages.

The Level 2atm processor will convert the physical at-sensor radiance values to
surface reflectance values scparately for land and water applications. This
includes the estimation of the aerosol optical thickness and the colummnar water

vapor. [3.]

4. Scientific Use , .

The Groundsegment provides a two-part user portal (Figure 5). At the EnMAP
portal (www.enmap.org) the user can obtain general mission information. This
includes information about Objective, Organization and Status of the mission.
All mission elements (Sensor, Platform, Ground Segment) are described in
detail. ‘ : )

Via this entry point the user will be directed to the EnMAP data access portal.
There he can plan Earth observations, tasking the satellite for Earth observations
{different data products) or calibration purposes, browse and order for existing
EnMAP data, submit a proposal for EnMAP data and track the proposal status

_,___.—Ohsmvaunn Aret._____\

Fs:ccomnianundcumrﬂ i { pzyloaumpmmir@ _|

Datn & Lt Ordor M. ) ﬁ:nline ser Prodisct Librasy
Management j" {\EOWEB@ GDAS Catnidgque, Archive

Ganaral EnMAP I . I . Catalogue Proposal Propassl
MEssion Info Aaguesl Reouast Browss & Oniar Submigion - Rewiow

ENMAP Portal "t EnMAP Data Accoss Portal (EDAPY! Reglatration Required

ww AN BT !

T
i

l EnMAP User Community

Figure 5 EnMAFP user portals

If a scientific proposal is accepted the user can determine several parameters to
task an Earth Observation:
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Area of Interest

Mono- or Multiterporal

Time window

Allowed tilt angle (Quasi Nadir; 0° - £3° or Off-Nadir: £5°- £30°)

Cloud coverage
» necessity of sun-glint avoidance

and to determine the product generation (s. Figure 4)
e Data product type (L1, L2atm, L2geo, L2)
s Atmospheric correction type (land or water)

5. Conclusion

EnMAP is primarily considered as an environmental research satellite. The
priority of this mission will be given to Science Communitiy. Phase C is
completed, Phase D in work. The Launch is scheduled for 2014. The payload
Groundsegment will provide data products up to Level 2 - Ortho-rectified and
atmospherically corrected data.

The mission is open for international partnerships with respect to data utilization
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