OTAEN TEXHOJIOINN
CNYTHUKOBOIO
MOHUTOPUHTA

(56)

EARTH REMOTE SENSING
TECHNOLOGIES
DEPARTMENT

(56)

Pykosodumesno — 0-p mexHUY. HAyK
EezeHuli JlynaH

Head — Dr. Evgeny Lupian
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Otnen 6bi1 obpazoBaH B 2002r1. Ha Oase
cekTopa «MeTonpl IMHAMMKY CIUIOIIHBIX CPEI
B 3aJayax KocMu4ecKoil (pusuku». Ero crienu-
anu3alyell CTajio WCIOJIb30BaHNE CIYTHUKO-
BBIX JAHHBIX IJIS1 TIPUKJIAAHBIX 3aJa4 MOHHUTO-
pVHra — OIIepaTUBHONM OLEHKU C TMOMOIIBIO
KOCMUYECKON WHGMOPMALUM COCTOSIHUS pa3-
JIMYHBIX 3€MHBIX OOBEKTOB: CEJIbCKOXO3Sii-
CTBEHHBIX YrOAWiA, JIECOB, PHIOOJOBELIKUX CY-
IIOB ¥ MHOTHX JAPYTUX.

CoTpyaHuKU paboTaloT ¢ JAHHBIMU LIEJIOTO
psiia CIyTHUKOB OMCTAHIIMOHHOTO 30HAMPO-
BaHUsI, POCCUMCKMX U 3apyOeXHBIX. OmIHAKO
IIJIE TOTO, YTOOBI BBICTPOUTb CUCTEMY MOHMH-
TOPUHIa, HYXXHO HE TOJIbKO COOTBETCTBYIOIIE
00paboTaTh CITYyTHMKOBYIO WH(OpMAaINio, HO
M JIOBECTU €€ 10 MoTpedbuTesis B ya1o0Ho# dhop-
Me, TO3TOMY OTHAEN CerofHs BeA€T U (yHaa-
MEHTaJIbHbIe, W TIPUKJIagHBIC WCCIICIOBaHUS.
PesynabTathl, KOTOpble MOJYyYalOT COTPYAHUKHU
oTnesna, pa3BUBAIOT CaMM TEXHOJIOTUM JMCTaH-
LIMOHHOTO 30HAWPOBaHMS 3eMJIM U3 KOCMOCA,
Onaromapsi yemy MHGOPMALMOHHBIE CUCTEMBI
CTaHOBSITCSl OlepaTMBHee U WHGMOPMATUB-
Hee W YIIYyOJISIOT 3HAHMSI O COCTOSTHUU HaIllei
TUTAHETHI.

HaxorutenHble 3a Gosiee yeM IecsITUIETHE
apXVBBI CIIYyTHUKOBBIX JAHHBIX M TeXHUUYECKAsS
UHOPACTPYKTypa, a TakkKe TEeXHOJOIMYeCKUe
U TIpOrpaMMHBIEe PellleHUsI, MEeTOJUKHN aHan3a
CITYTHUKOBBIX HaHHBIX JIETJIM B OCHOBY LleH-
Tpa KOJUIEKTMBHOTO IOJIb30BaHUSI CUCTEMaMU
apxuBalMM, OO0pabOTKM U aHajlu3a JaHHBIX
cryTHUKOBBIX HabmoneHnit MUKW PAH mis pe-
LIEHUS 3a1a4 U3YyYeHUs] U MOHUTOPUHTA OKpPY-
xatotueit cpensl (LIKIT « MKW -MoHuTOPHHT»).

3a BpeMs CyIIEeCTBOBaHUS OTAEIa €ro COo-
TPYAHUKU onyonukoBaiu 816 paboT, B TOM
yucie 407 cTareit U KHUT.

OcHoBHbIE HanpaBJICHUA HCCJIeI0OBAHMIA

* Pa3paboTka MeTONOB, TEXHOJOTHI, TEXHU-
YeCKUX M aHATUTUUYECKUX CPEACTB MCCen0-
BaHU{ W MOHUTOPWHTA ITOBEPXHOCTU 3eM-
1, ruapocdepsl, aTMochepsl U 6uochephl,
a TakKe pa3IMYHbIX aHTPOIIOTEHHBIX O0BbEK-
TOB U VX BIIUSTHUS Ha OKPYKAIOMIYIO CPey;

* pa3paboTKa METOIOB U TEXHOJOTHUI MOCTPO-
€HMSI aBTOMATU3MPOBAHHBIX CUCTEM OMC-
TAaHIIMOHHOTO MOHUTOPWHTA TPUPOTHBIX
U aHTPOIIOTEHHBIX OOBEKTOB IUIS PEIICHUS
(yHIaMEHTaIbHBIX U IPUKJIAIHBIX 3211a4;

* TIpOBeNeHWE  MOHWUTOPUHTA  COCTOSTHUS
OKpYXarollel cpeabl U Pa3InIHBIX OO0bEK-
TOB JJIs1 UCCIEOBAHUS PAa3IMIHBIX TPUPOLI-
HBIX W aHTPOIIOTEHHBIX TPOIIECCOB HAa Tia-
HeTe 3emis;

* pellleHHe 3alay, CBSI3aHHBIX C Pa3BUTHEM
NMACTAaHIIMOHHBIX METOJIOB U3YyYeHUsT HAa3eM-
HBIX 9KOCUCTEM, B TOM YUCJIE UX DBOTIOLUU
TOJI BO3AECTBUEM MPUPOAHBIX U aHTPOIO-
TeHHBbIX (DaKTOPOB.

The Department was founded in 2002 based
on the Sector of the Continuous Media Dynam-
ics Methods in the Space Physics. The Depart-
ment mission is focused on the use of Earth
observation data processing and analysis tech-
nologies for an on-line evaluation of various
Earth objects: cultivated lands, forests, fishing
vessels, and many others.

The staff members are working with the data
of the variety of remote sensing satellites, both
Russian and foreign ones. But to build up
the monitoring system it is required not only
to process the satellite information but also to
bring it to the consumer in a convenient form.
The Department mission is focused on the use
of Earth observation data processing and analy-
sis technologies for the department is conduct-
ing both fundamental and applied research.
The results obtained by the department’s staff
members are developing the actual technologies
of the Earth remote sensing from space thereby
the information systems are getting more on-
line and meaningful and deepen the knowledge
of the our planet’s state.

The archives of the satellite data collected for
more than ten years and technical infrastruc-
ture as well as technological and program solu-
tions, methods of satellite data analysis provided
the basis for the IKI Center for Collective Use
of Satellite Data Archiving, Processing, and
Analysis to resolve the problems of environment
exploration and monitoring (TsKP IKI-Moni-
toring).

Throughout the department’s existence its
staff members prepared 816 publications includ-
ing 407 articles and books.

Research areas

* Development of the methods, technologies,
technical, and analytic means of research
and monitoring of the Earth’s surface, hydro-
sphere, atmosphere, and biosphere as well as
various anthropogenic objects and their in-
fluence on the environment;

* development of the methods and technolo-
gies of building automated systems of remote
monitoring of natural and anthropogenic ob-
jects for fundamental and applied problems;

* monitoring of the state of environment and
various objects for investigation of vari-
ous natural and anthropogenic processes
on the Earth;

« terrestrial ecosystems dynamics study under
the influence of natural and anthropogenic
factors.



JIaGopaTopus TeXHOJIOrHii MOHUTOPUHTA
MOJIBIZKHBIX 00beKTOB (561) (pyKosodumens —
Kauo. ¢uz.-mam. nayx Baadumup Ilvipros)

* Pa3paboTka MeTOI0B, TEXHOJIOTUI U CUCTEM
IUACTAHLIMOHHOIO MOHHUTOPHHIA ITOIBIXK-
HBIX O0BEKTOB;

* (byHIAMEHTAJIbHbIe W TIPHUKJIAJIHBbIE WUCCIIe-
JOBaHUS B 00JIACTU MU3YYEHUsI OKPYKAIOLIEi
cpelnbl U BOAHBIX OMOJIOTMYECKHMX PECYPCOB
C WCIOJIb30BAaHMEM COBPEMEHHBIX METOHOB
IUCTAHLIMOHHOIO MOHUTOPUHTA;

* co3maHue, BHEIPEHUE U MOAIEPXKKA CITELM-
aJIM3UPOBAHHBIX CUCTEM IHUCTAaHIIMOHHOTO
MOHHMTOPHMHIA BOIHBIX OMOJOTMYECKUX pe-
CYpCOB.

JlabopaTopusa nadopMaIMOHHON MOXIEPKKA
KOCMHYECKOTr0 MOHUTOpPHHTa (562)
(pykosodumenv — Kauo. us.-mam. HayK
Anexceit Ma3ypog). CeKTop pecypcoB
KOJUIEKTUBHOTO M0Jib30BaHus (562.1)
(pykosodumenv — KaHo. mexw. HayK

Andpeii Ipowun)

» PaspaboTrka (pu3nuecKux OCHOB, METOIOB,
TEXHOJIOTUI M CUCTEM JIsI aBTOMAaTU3UPO-
BaHHOTO cOopa, 00pabOTKU, aHaIM3a U pac-
MPOCTPaHEHMS CITyTHUKOBBIX JaHHBIX U pe-
3yJIbTaTOB UX 00OPaOOTKM;

* CO3laHuE W BeIeHME NOJIOBPEMEHHBIX ap-
XVBOB JAaHHBIX HAOIIONECHUI 3a COCTOSTHUEM
OKPYXXaIoIleil Cpeabl A1 pelIeHUs] HayYHbIX
W MPUKJIAAHBIX 3a11a4;

* pa3paboTKa HOBBIX METOIOB W CHCTEM IS
paboThl ¢ pacnpeneN€HHBIMU MHGOPMALI-
OHHBIMHU peCypCcaMM O COCTOSTHMHM OKpYyXKa-
folIeil cpenpl ISl pellieHusT (hyHIaMeHTallb-
HBIX U TIPUKJIAIHBIX 33724,

* Co3JaHue, BHEIPEHUE U MOAIEPXKKa CIEIIM-
aTM3UPOBAHHBIX CHUCTEM AMCTAHIIMOHHOTO
MOHUTOPUHTA.
3amaya CeKTopa PecypcoB KOJIJICKTUBHOIO

MOJb30BaHUsI, KOTOPHIA BXOOUT B COCTaB Jia-

bopaTopuu, — noaaepxka u passutue LleHTpa

KoJuleKTuBHOro Tnonb3oBaHus «MKW-MoHu-

TOPUHT».

JladopaTopusi CIyTHUKOBOTO MOHMTOPHHTA
Ha3eMHbIX 3KocucTeM (563) (pykosodumens —
d-p mexn. Hayk Cepeeii bapmanég). CeKTop
CIYTHUKOBOTO MOHHTOPHHIA MPOIYKTUBHOCTH
3emelib (563.1) (pykosodumens — kano. gus.-
mam. Hayk Jmumpuit [lhomHukog)

» Pazpaborka (puU3MYECKNX OCHOB M METOIOB
00pabOTKM AMCTAHUMOHHBIX HaOJIOIEeHUI
IUIST TIOJTyYEHMST Pa3IMYHBIX XapaKTepUCTUK
COCTOSIHUSI Ha3eMHBIX 9KOCHCTEM;

* pa3paboTKa METOJOB M TEXHOJIOTMiA Kap-
TorpadpoBaHKSI PACTUTEILHOIO ITOKpPOBa
C HCIOJb30BAaHMEM [OAHHBIX CITyTHUKOBBIX
HaOJIIONEHUI;

Mobile Objects Monitoring Technologies
Laboratory (561). Head — Dr. Viadimir Pyrkov

* Development of the methods, technologies,
and systems of remote monitoring of the mo-
bile objects;

+ fundamental and applied research in the field
of aquatic environment and biological re-
sources study using the advanced methods
of remote monitoring;

+ construction, implementation, and mainte-
nance of special systems for the monitoring
of aquatic biological resources.

Information Support of Remote Sensing
Laboratory (562). Head — Dr. Alexei Mazurov.
Collective Use Resources Sector (562.1).
Head — Dr. Andrey Proshin

+ Development of the physical basis, methods,
technologies, and systems for automated col-
lection, processing, analysis, and distribution
of the satellite data and the results of their
processing;

+ establishment and support of the long-term
archives of the processed data on the state
of environment for resolution of the scientific
and applied problems;

+ development of new methods and systems
for operations with the distributed informa-
tion resources on the state of environment for
resolution of fundamental and applied prob-
lems;

+ design, introduction, and support of special
systems of remote monitoring.

The laboratory is supporting also the Center
for Collective Use IKI-Monitoring.

The Terrestrial Ecosystems Monitoring
Laboratory (563). Head — Dr. Sergey Bartalev.
The Land Productivity Monitoring Sector
(563.1). Head — Dr. Dmitri Plotnikov

» Physical basis for the Earth observations data
processing methods to retrieve terrestrial eco-
systems characteristics;

* methods and technologies of the vegetation
cover mapping using the Earth observation
data;

Bnadumup lMeipkoe
Vladimir Pyrkov

Anekceli Masypoe
Alexei Mazurov

AHopeli lMpowuH
Andrey Proshin

Cepeeli bapmanées
Sergey Bartalev

Amumpuii Mhomuukoe
Dmitri Plotnikov

191



192

* HCCIeoBaHWE TIPOIeCCOB TMHAMUKU Ha-
3eMHBIX 9KOCHUCTEM C TIOMOUIBIO TEXHOJIOTU I
CITyTHUKOBOTO MOHUTOPHUHTA;

* CO3MaHWe W BeIeHUE MOJTOBPEeMEHHBIX ap-
XMBOB JAHHBIX O COCTOSTHUM Ha3eMHBIX KO-
CHCTEM, TIOJIyYeHHBIX Ha OCHOBE TEXHOJIO-
Ui TUCTAHIIMOHHOTO MOHUTOPUHTA;

* yyacTue B CO3NaHUU, BHEAPEHUU U TOA-
NepKKe CTeIMaTM3UPOBAHHBIX CUCTEM JTUC-
TAHIIMOHHOTO MOHUTOPUHTA.
3amaya ceKTopa CIyTHUKOBOTO MOHUTOPUH-

ra TIPOAYKTUBHOCTH 3eMeJib B COCTaBe J1abopa-

TOpUM — pPa3paboTKa METONOB M TEXHOJIOTUIA

NACTAaHIIMOHHOTO MOHUTOPUHIA CEIbCKOXO-

3SICTBEHHBIX 3€MeJib, B TOM YUCIIE JUIST pellle-

HUS 327129 PAIIOHATTLHOTO 3eMJIeTIONb30BaHUS.

OcHoBHbIE pe3ybTaThl

Pa3pa0oTka azanTHBHBIX METO0B 00PAOOTKH
CIyTHUKOBBIX JAHHBIX

OcCHOBHas OTJIMYWTENbHAs 4YepTa MeTO-
JIOB TeMaTU4ecKoil 00pabOTKM CIYTHUKOBBIX
MAaHHBIX — BO3MOXHOCTb MCIIOJIb30BaTh UX Ha
OOJIBLIUX TEPPUTOPHUSIX HAIIMOHAJIBHOTO, KOH-
TUHEHTAJIbHOTO M TIjobaibHOro oxsata. [lpu
9TOM HEO0OXOIMMO, YTOOBl OHM OOEeCTeurBaIU
KaK BO3MOXHOCTb BBICOKOTO YPOBHSI aBTOMa-
TU3alUM OOpabOTKU CIYTHUKOBBIX JTAHHbIX,
TaK M amalTUBHOCTb pa3pabaThiBaeMbIX aJlro-
PUTMOB U METOAOB K Pa3JIMYHbIM BPEMEHHBIM
U TIPOCTPAHCTBEHHBIM YCJIOBHUSIM HaOIIONEHUS.
HMMeHHO TpocTpaHCTBEHHO-BpEMEHHAs amari-
TUBHOCTb MO3BOJISIET UCMOJAb30BaTh 3TU METO-
nibl 0€3 JOTOJTHUTEILHON «pYYHOM» HACTPOMKU
MmapaMeTpoB B IMUPOKOM IHAria30HE MEHSIO-
muxcs (pU3NIEeCKUX XapakKTepUCTUK Habjoa-
e€MBIX OOBEKTOB M YCIOBUIM CITyTHUKOBBIX Ha-
OIOneHU.

[IpyHUMIIUATBHO  HOBbIE  BO3MOXHOCTU
B Pa3BUTHM TMOMOOHBIX TTOIXOMOB OTKPBUT pa3-
paboTaHHBIN B OTHEJe METOH JIOKAJTbHO-aall-
tuBHOI Kiaccudukauun LAGMA. B ero oc-
HOBE JIEKWT TIPUHIUIT TIPOCTPAHCTBEHHOM
JIOKAJIM3alluy TIPOIIECCOB OOYYEHMST KJIACCH-
¢dukaTopa M pacno3HaBaHMS HaOIIOIaEMbIX
00BEKTOB. DTOT MPUHIUI MO3BOJISIET obecre-
YUTh AZaNTUBHOCTh KiIaccudukaTopa K IIpo-
CTPAaHCTBEHHbIM HM3MEHEHUSIM (DU3MKO-TeO-
rpadUyYeCKUX YCJIOBUM MECTHOCTU KaK OIHO
U3 BaXHEHIINUX TpeOOBAHWUIA, MPEIbSIBISIEMBIX
K MeTolaM OOpabOTKM CIYTHUKOBBIX JaHHBIX
Ha I00aJbHOM YpoBHE. B oTnuuue oT paHee
M3BeCTHBIX ToaxonoB metony LAGMA rene-
TUYECKU TMPUCYIL MEXaHU3M y4d€Ta MPOCTpaH-
CTBEHHOW W3MEHUYMBOCTH  CIIEKTPATHHO-OT-
paxkaTeJIbHBIX XapaKTepUCTUK (WA JIIOOBIX
IPYrMX TMPU3HAKOB paclo3HaBaHUs) TUIIOB
3¢MHOTO TMOKpoBa. biaromapst 3TomMy TOSIBIISI-
€TCS BO3MOXHOCTh YHU(UIIMPOBAHHOTO Kap-
TorpapupoBaHUsl  PACTUTEJIBHOTO  ITOKPOBa
OOJIBIINX TEPPUTOPUN 0e3 TIpeaBapUTEIbHOMU
cTpaTuUKalMM, M, KakK CJIEICTBUE, METONI
LAGMA MoXHO 3(P(eKTUBHO MCIIOJb30BaTh

* terrestrial ecosystems dynamics using the
Earth observation technologies;

* long-term data archives on the terrestrial
ecosystems state developed based on the re-
mote sensing technologies.

The Land Productivity Monitoring Sector
within the laboratory is focusing on the develop-
ment of the methods for the agricultural lands
remote sensing.

Main Results

Development of adaptive methods
for Earth observation data processing

The distinctive feature of the Earth obser-
vation data is an opportunity to use them for
large territories mapping and monitoring at
national, continental-wide, and global levels.
Mapping and monitoring of large territories re-
quire high-level automation of remote sensing
data processing and the algorithms adaptability
to observational conditions. It is the space-time
adaptability that enables to utilize these methods
without additional manual setup of the param-
eters in a wide range of changing physical char-
acteristics of the observed objects and conditions
of satellite observations,

New opportunities in the development of
such approaches were open by the locally adap-
tive classification method LAGMA (Locally
Adaptive Global Mapping Algorithm). It is
based on the principle of spatial localization of
the processes of classifier training and observed
objects recognition. This principle enables to
provide the classifier’s adaptability to the spatial
changes of the physical and geographical local
conditions as one of the most important require-
ments imposed to the methods of satellite data
processing at the global level. Unlike previous
approaches, LAGMA’s specific feature is the
accounting instrument of spatial variability of
the spectral reflectance characteristics (or other
recognition criteria) of the type of land cover.
Due to this method we have an opportunity of
unified mapping of the vegetation cover on large
territories without a prior stratification and, as a
consequence, LAGMA method can be applied
efficiently for plotting the vegetation cover maps
of any, even global, geographical coverage.



KAPTA PACTHMTENBHOCTH POCCHH

IUTSI CO3MaHUSI KapT PAaCTUTEIHLHOTO ITOKPOBa
JII060TO, BIUIOTH 10 TIOGATLHOTO, Teorpaduue-
CKOTO OXBara.

Ha ocHoBe pa3paGoTaHHOTO MeTOma Ceroi-
HSI CO3[IaHa Cepus TeMaTUIecKux Kapt Poccun,
OTPaXkaloIIUX OCHOBHbBIE TUIIbI PACTUTEIHHOTO
TOKPOBA, TOPOIHBIN COCTaB ¥ OMOMACCY JIECOB,
IIPOCTPAHCTBEHHOE pacIpeieeHne MaxXOTHBIX
3eMeJib.

CnyTHHKOBO€ KapTorpagupoBanne
HAa3eMHBIX 9KOCHCTEM

Bnaromapss cnytHUKOBOMY KapTtorpadupo-
BaHUIO HAa3eMHBIX 3KOCUCTEM U, B YACTHOCTH,
PACTUTEIBHOTO TTOKPOBAa YEJIOBEYECTBO CTAJIO
MoJy4yaTh CaMyl0 aKTyaJbHYI0 WH(MOpPMAIIo
O COCTOSIHUM OKpYXalolleil cpelbl, 4YTO ObLIO
HEBO3MOXHO elg necsatuierusi Haszan. Ce-
TOOHS MBI MOXEM II0-HOBOMY B3IJISIHYTh Ha
pasJIMyHbIC MPOLIECChI, MPOUCXOMASIINE B IKO-
cHCTeMaxX, CBOEBPEMEHHO OOHApYKUBATh U MH-
TEepIIPETUPOBATh TPOLECCHI, ITPOMCXOISIINE
MpU JOCTAaTOYHO OBICTPHIX TJIOOATBHBIX HM3ME-
HEHUIX KJIMMaTa U OKPYXKarollleil CpeIbl.

B mocnenHue romsl B oTnese ObLIA CO3MaHBI
NPUHLMIIMAIBHO HOBbIE TEXHOJOTUM TaKOro
KapTorpacupoBaHusI, TTO3BOJISIONIE BO MHO-
TUX CJIydasiX eXXeroaHo MoydyaTh HH(GOPMAIIO
MpakTUYECKU MO Bceil Tepputopur CeBepHOIt
EBpaszuu. B yacTHOCTH, COBMECTHO C TMapTHE-
paMH CO31aH M TIOCTOSTHHO aKTyaJM3HPYyeTCs
ps YHUKATbHBIX KapT PacTUTENbHOTO MOKPO-
Ba Poccum, oTpaxkalomyx MHpoCTpaHCTBEHHOE
pacnpeneyieHue OCHOBHBIX THUIIOB PacCTUTENIb-
HOCTH, TTOPOHBIN cocTaB U Guomaccy (00bEMBI
CTBOJIOBOI IPEBECUHBI) JIECOB.

Today, based on the LAGMA method a se-
ries of thematic maps of Russia was developed
with focus on the land cover, forest species com-
position, and biomass, arable lands, and crop
types.

Terrestrial Ecosystems Mapping

Actual information on environment is cur-
rently received through terrestrial ecosystems
mapping using satellite data, in particular, land
cover, which was not possible even a decade ago.
Today we have a new look at the different pro-
cesses in ecosystems, timely detect and interpret
the processes taking place under a sufficiently
rapid changes of global climate and environ-
ment.

In recent years, the Department created fun-
damentally new mapping technologies, allowing
to receive information annually for the entire
territory of the Northern Eurasia. In coopera-
tion with partners a series of unique land cover
maps for Russia, reflecting the spatial distribu-
tion of main vegetation types, tree species, and
biomass (volume of stem wood) of forests has
been developed and annually updated.

Kapma pacmumensHozo
nokpoea Poccuu TerraNorte
RLC no daHHeim MODIS

A map of the Russia’s
vegetation cover TerraNorte
RLC obtained from MODIS
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Comparison of distribution

of vegetation according

to original and parameterized
models and regional land cover
map of Russia
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SApkuM IpuMepoM BO3MOXKHOCTEM pa3pabo-
TaHHBIX B OTIEJIe TOIXOMOB CTajla cepusi KapT
pactutenbHoro mnokpoBa Poccum TerraNorte
RLC, exerogHo ¢ Hayaja HaCTOSIIEro CTOJie-
TSI co3laBaeMble Ha ocHOBe naHHbIx MODIS
C TPOCTPAHCTBEHHBIM paspeleHremM 230 M.
OTH KapThl BKIIOYAIOT 22 TeMaTUIeCKHMX KJlac-
ca, 18 13 KOTOPBIX XapaKTEepU3YIOT pa3INUHbIC
THUIBI PACTUTEILHOCTH, BBIIEJCHHBIE C YIETOM
WX XMU3HEHHBIX (OpPM, TUIIOB BETETATUBHBIX
OpraHoB U (heHOJOTMYECKOI TUHAMUKMU.

Pa3pa0oTKa HOBBIX MPOrHOCTHYECKHX MOJEJI€Nd,
OPHEHTHPOBAHHDBIX HA ACCUMUISIMIO JAHHBIX
JUCTAHIMOHHOTO 30HIMPOBAHNUSA

OauH U3 NoTeHUMaabHO 3G (GEKTUBHBIX UH-
CTPYMEHTOB TIPOTHO3a JWHAMUKHN Ouochepsl
B YCJIOBUSIX U3MEHEHUI KJIMMaTa — TJ100ajIb-
Hble OUHAMUYECKUE MOIEIM PaCTUTEIbHOTO
MOKpOBa, TMpeAHa3HaYeHHBbIe TSI BOCIIPOM3-
BEeICHUSI TIPOCTPAHCTBEHHOTO paclpene/IeHUs
pPa3IMYHBIX €r0 TUIIOB B MacilTabax IJaHEeTHI.
Taxoro pona Monenu Bc€ Oojiee NIMPOKO MPH-
MEHSIIOTCS B MCCJICHOBAHUSIX OMOTCOXMMUYE-
CKUX ILIMKJIOB M MpPOLIECCOB OOMeHa 3Hepruei
MeXIy Ha3eMHBIMU 3KOCHUCTeMaMM, aTMocde-
poif M OPYTMMH KOMIIOHEHTaAaMU T€OCHUCTEMEI.
B mocnennue necatusietvsi MOSIBUIMCH TTPUH-
LIMITHAIGHO HOBBIE BO3MOXHOCTU ITOJYYCHUS
WH(OpPMALIU O IPUPOTHBIX U AaHTPOIIOTEHHBIX
00beKTaX Ha OCHOBE CITyTHUKOBBIX HaHHBIX.
COOTBETCTBEHHO, pE3KO Bo3pocia IMoTped-
HOCTh B MOJIEJISIX, CITOCOOHBIX aCCUMUIMPOBATh
JNaHHYI0 UH(OPMALIUIO.

PaboTel 10 co3naHuIo TakKuX MoJeseil ObUT
Hauatel B otaene B 2010 . CeromHst pa3pabo-
TaHHBIE MMOAXOIbI MO3BOJISIOT aCCUMUINPOBATh

Good example of developed in the Depart-
ment approaches are the series of land cover
maps of Russia TerraNorte RLC, updated annu-
ally since the beginning of this century based on
MODIS data with spatial resolution of 230 m.
These maps include 22 thematic classes, 18 of
which characterize different types of vegetation,
classified with account to their life forms, leaves
types, and phenological dynamics.

Development of New Predictive Models Based
on Remote Sensing Data Assimilation

One of potentially effective tools to forecast
the dynamics of the biosphere under climate
change are global dynamic models of vegetation
for reproducing of different types of its spatial
distribution on a global scale. Such models are
increasingly used in studies of biogeochemical
cycles and processes of energy exchange between
terrestrial ecosystems, atmosphere, and other
components of geosystems. In recent decades
there are fundamentally new opportunities for
retrieval of information on natural and man-
made objects on the basis of satellite data. And
the demand for models to assimilate the infor-
mation sharply increases.

Works on the creation of such models were
launched in the Department in 2010. Nowadays
developed approaches allow assimilating the
results of satellite data processing into various
mathematical models and specify their param-
eters by optimization methods. In particular,
assimilation of land cover map of Russia into
the SEVER global dynamic vegetation model
allowed to conduct its regional parametrization



Potential of constructing
of various interfaces
for remote data analysis

F

e wr—— 7 T

e ™ B 'mu nocmp

- e - 1 PpaznuyHeIX uHmepgelicoe
017 yoanénHoz0 aHanusa
OaHHbIX

" —— e ] . 8 . . B s = e e m Ermmm e sa B S me—m e

o B T i -

F .

i
s 8 . T s

BIGOp HYRHOTD PEFHOHA M NDOEKUMK

BOIHOMHOCTE NPOBEASHWA KNACCHUKALNM

pe3yabTaThl 00pabOTKM CITYTHUKOBBIX TaHHBIX
B pa3nMYHble MATEMAaTUYECKUE MOIEIN U YTOY-
HSTh UX MapamMeTpbl METOJAMU ONTUMU3ALIMH.
Tak, B YaCTHOCTH, aCCUMUJISILIAS KapThl PacTH-
TeJbHOTO MoKpoBa Poccum B miobanbHYIO IH-
HaMM4ecKylo Mojenb pactutesnbHocth SEVER
TO3BOJTWJIA BBHITIOJTHUTEH €€ PEerMOHaNbHYIO Tia-
paMeTpuU3alMIio M, KaK CICICTBUE, KaueCTBEH-
HO TTOBBICUTH JOCTOBEPHOCTb BOCCTAHOBJICHUSI
reorpadnyeckoro pacrpenesieHuss (yHKIIAO-
HaJIbHBIX TUIIOB PACTUTEJIBHOCTH Ha TEPPUTO-
DPUM CTPAHBI.

Co3naHue TeXHOJIOrHi pacnpenaeéHHoi padoThI
€O CBepPX00JIbIIMMH APXUBAMH CITYTHUKOBBIX
JAHHBIX JUIS PelleHns] HAYYHBIX M MPUKJIATHBIX
3ana4

BhICTpBIIE pOCT BO3MOXKHOCTEX COBPEMEH-
HBIX CIIYTHMKOBBIX CHUCTEM IIPUBEN K B3DbIB-
HOMY DPOCTY IOJydyaeMoOil MMM WHGbOpPMAIIMH.
CerogHss Ha opOuTe pabOTAIOT YX€ ITOYTU
MOJITOPbl COTHM CITYyTHUKOBBIX CHCTEM, OIle-
pPaTUBHO IIOJyYalollle OTPOMHBIE OOBEMBI
MHGOPMALIMK O COCTOSIHUHM OKPYXKAaIOIIEeh cpe-
Ibl, TIPUPOIHBIX U AHTPOIOTEHHBIX OOBEKTOB.
ApXMBBI HAaKOIUIEHHBIX TaHHBIX B Pa3JIMYHBIX
LEHTpax YXKe JaBHO TepeBAIIIN 33 IeTabaiiT-
Hble pyoexxu. EcTecTBeHHO, 4TO, KOTIa JaHHBIX
TaK MHOTO, HEOOXOIUMBI TIPUHIIMITUAIEHO HO-
BBIE IOAXOOBI K pabore ¢ HuMK. PaKkTUIeCKU
B HacTosiliee BpeMs HeOOXOAMMO CO3IaTh Ta-
KY€ TeXHOJIOTMH, KOTOPHhIE TTO3BOJIMIIN OBl CIie-
LMaIMCTaM B 00JIaCTH AUCTAHIIMOHHOTO 30H-
IVPOBAaHUSI CBOOOMHO YAaJ€HHO OIEPUPOBATh
¢ wuHpopMmanye, (PU3NIEeCKH Haxomgueics
B Pa3IMYHBIX LIEHTPAX.

BOIMOMHOCTE 3HANK3IA DAIHOBPEMEHHBIX ABHHEIX
e, ]

e i & ——L_ in

—— e — e  § — =

AHANKI PAACE NAHHLIN B PAINWCMHBIX TOUKANX

and as a result, qualitatively improve the accu-
racy of recovery of geographical distribution of
functional vegetation types within the country.

Development of Technologies of Distributed
Work with Extra-large Archives of Satellite Data
for Scientific and Applied Issues

The increasing potential of modern satellite
systems led to accelerated growth of information
they received. Today, there are nearly a hundred
and fifty satellite systems operating on orbit re-
ceived huge volume of information on environ-
mental condition, natural and anthropogenic
objects. Archives of accumulated data in differ-
ent centres have exceeded petabyte scale. And if
there are a lot of data, so new approaches should
be developed for their processing. At present
it is necessary to create technologies that allow
remote sensing experts to operate the informa-
tion located in different centres distantly. Thus
the main task is not only a search of required
data and their acquisition, but rather a creation
of special tools for processing and analysing the
required data sets using the distributed compu-
tational resources.
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CnymHuKoeblili cepsuc VEGA-Science Satellite Service

«BETA-Science»
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[Ipn 5TOM OCHOBHOI 3amadyeil CTAHOBUTCS
He CTOJIbKO OpraHU3alMsl TTOMCKa HEOOXOMMMbBIX
TIAHHBIX, UTS WX TOCIEAYIOMIEro (pU3NIEeCKOro
MOJYYEeHUsI, CKOJIBKO CO3MIaHUE CIEIUATbHBIX
WHCTPYMEHTOB, KOTOPbIE MOTJIM ObI MIO3BOJIMTh
obpaboTaTh M MpoaHAJIU3UPOBATh HEOOXOMM-
Mble HaOOpBI JAHHBIX C MCITOJIb30BAHUEM pac-
MpeaeJEHHBIX BBIYUCIUTEIBHBIX PECYPCOB.

PaGoThl 10 cO3MaHUIO JIEMEHTOB TaKUX TEX-
Hosjoruii 6bun HavyaTel B UKW PAH B Hauane
NBYXTBICSIUHBIX rogoB. K HacrosiieMy Bpeme-
HU B OTIEJie cOo3/laHa YHUKAaJIbHAsl TEXHOJIOTUs
GEOSMIS, mosBoasioniast co3maBatk pacipe-
NeJEHHbIE MHCTPYMEHTHI PabOThl CO CIYTHU-
KOBOI MH(pOopMalMeil B MHTepecaxX pa3IMUHbIX
HAYYHBIX U TIPUKJIATHBIX CUCTEM JUCTAHIIMOH-
HOro MOHMTOpHMHTA. JlaHHAs TEeXHOJOTUS aK-
TUBHO WCITOJIb3yeTCs MPU CO3NaHUU U pa3BU-
TUM PA3INIHBIX WH(POPMAIIMOHHBIX CHCTEM,
MPUMEPBI KOTOPHIX MPUBEAEM HIKE.

Co3nanne u NOoJAEPKKA CIenUAIN3UPOBAHHBIX
I/IH(l)OpMa].lPIOHHLIX CHUCTEM TUCTAHITUOHHOIO
MOHHUTOPHUHIA, OPUCHTHUPOBAHHLIX HA PECLHICHUEC
HAYYHBIX 324a4

Cucrema «BEI'A-Science»

IIpoexTt «BEI'A-Science» — co3gaHue Ha
eIMHOM TeXHOJIOTrMYecKoi Tutatopme nHbop-
MaIlMOHHBIX CEPBHMCOB, KOTOpBIC OOecTeunBa-
0T TOJIb30BATEISIM BO3MOXHOCTb YIaJIEHHOM
paboTHl ¢ MAHHBIMU CITYTHUKOBBIX HaOJTIONe-
HUM, pe3yabTaTaMM HX OOpPaObOTKU M COITYyT-
CTBYIOIIE MHGbOPMALUE ST peleHus 3a1ayd
MOHUTOPUHTA BO30OHOBIISIEMBIX OMOJIOTHYE-
ckux pecypcoB. BEI'A peanu3syer KOHIEMNLMIO
reoNnpOCTPAaHCTBEHHOTO BebO-cepBuca, cobupa-
IOIIETO CITYTHUKOBYIO W JIPYTyIo Teorpaduye-
CKyl0 MHGpOPMAII0 U3 Pa3JIUYHBIX MCTOYHM-
KOB U JIAIOILIETO MOJIb30BaTesIM 10 BCEMY MUPY
IOCTYIT K Hell MPaKTUYeCKW B PEXUME peab-
HOTO BpEeMEHM.

«BEI'A-Science» — CHyTHMKOBBII CepBUC,
OPMEHTUPOBAHHBI Ha  WHOOPMAIIMOHHYIO
MOAMEPXKKY HAyYHBIX HCCIEIOBAaHUN COCTOSI-
HUS ¥ IMHaMUKU 6uocdepnl. C ero momMouibo
MOXHO aHAJIU3UPOBATH COCTOSTHUE U TUHAMUKY
paCTUTEILHOTO TIOKPOBAa Ha BCEM TEPPUTOPUU
CeBepHoii EBpasuu ¢ Havyana XXI crojerus,
B TOM YHCJIe C MCIOJIb30BaHUEM BPEMEHHBIX
PSITOB BeTeTallMOHHBIX MHIEKCOB, MOJYyYaeMBbIX
IJIs1 J1I000# OTAENbHOM TOYKM peruoHa WiM 3a-
NMIAHHOTO TI0JIb30BaTeNieM MoyMroHa. [1ockob-
Ky BTOT CepBHMC OPUEHTUPOBAH B IEPBYIO OYe-
penb Ha MccienoBaTesieil, TO ycloBUe pabOThl
C HUM — coTJIacKe ToJIb30BaTelIs Ha CBOOOIHOE
MpeaocTaBieHNe BBEAEHHOM UM B CUCTEMY MH-
dopmanu IS BceX MoJib3oBaTesiell cepBuca
IIJIST peIlIeHUsT HayYHbIX 3aa4.

B HacTosiiee BpemMsi BO3MOXHOCTBIO pabOThI
¢ cuctemoii BEI'A-Science nmonb3ylorest crienm-
anmuctel 6os1ee 20 HayYHBIX U YYEOHBIX OPTaHU-
3alMii [UIST BBITIOJIHEHUS Pa3IMYHBIX HAayYHBIX
MPOEKTOB.

The works to develop elements of these
technologies started in IKI at the beginning of
2000’s. To date a unique GEOSMIS technology
has been created in the Department, allowing
to produce distributed tools to work with satel-
lite information for various scientific and applied
systems of remote monitoring. This technology
is widely used in the creation and development
of various information systems; examples are
given below.

Development and Maintenance of Specialized
Information Systems of Remote Monitoring
focused on Scientific Issues

VEGA-Science System

VEGA-Science project is focused on the de-
velopment on a unified technological platform
for information services providing the users
with distant work with satellite data, processing
products, and relevant information to meet the
challenges of monitoring of renewable biologi-
cal resources. VEGA implements the concept
of geospatial web-service collecting satellite and
other geographical information from different
sources and providing near real time access to all
users worldwide.

VEGA-Science is a satellite service for col-
lective use, oriented on information support
of scientific studies on status and dynamics of
biosphere. The service is based on long-term ar-
chives of satellite data and information products
received on their basis, that characterizing vege-
tation cover conditions in the Northern Eurasia.
There are data in the archives on any area of this
territory since the beginning of the twenty-first
century. Service VEGA-SCIENCE, in particu-
lar, allows to analyze condition of vegetation
cover using the time series of vegetation indices,
its seasonal and long-term dynamics for any in-
dividual site or polygon specified by the user.

The main requirement for access to VEGA-
Science is the agreement of its potential users
on free disclosure of information provided to the
system to all users of the service for scientific ob-
jectives.

At present experts of more than 20 scientific
and educational organizations are used VEGA-
Science to implement scientific projects.



Cucrtema cozmaBajiach M TIOIIEPKUBAETCS
B pamKax mnpoekToB Poccuiickoii akagemun
Hayk (TeMa « MOHUTOPUHT»).

Cucrema See The Sea

CnrytHukoBbiii cepBuc See The Sea (STS)
Hauan cosnaBathcsi B UKW PAH B 2011 1. OH
OPMEHTHPOBAH Ha KOMIUICKCHBIA aHaIu3 TaH-
HBIX CITyTHUKOBOIO AMCTAHLIMOHHOIO 30HIM-
poBaHUsI B MHTEpecax MccaeaoBaHuss MupoBo-
ro okeaHa. CHcTeMy CO30alOT U ITOMICPXKUBAIOT
COBMECTHO OTJEJIbI TEXHOJIOIHMII CITyTHUKOBOTO
MOHHUTOPMHTA U UCCIIENOBAaHUM 3eMIIM U3 KOC-
moca MKW PAH, npu monnepxke PODU.

OcHoBHag 1eib cepBuca STS — obecrnieue-
HHUe HCCeaoBaTe/ieil BO3MOXHOCTSIMU TOCTY-
Ma ¥ WHCTPYMEHTaMHU aHajM3a WHMopMaIuu,
MOJIy4EHHOM HA OCHOBE JAHHBIX CITyTHHKOBBIX
HaOoaeHUil (OMepaTMBHBIX UM apXUBHBIX),
IUTSI U3YYEHUs Pa3IMYHBIX MPOIIECCOB B OKea-
He u atMocdepe Hamx HuM. Ocoboe BHUMaHKE
npu cozgaHuu STS yaenstioch BO3MOXKXHOCTU
COBMECTHOTO XpaHEHUs M KOMIUIEKCHOTO WC-
IOJIb30BAHUSI JAHHBIX, Pa3JIMYHBIX II0 CBOEH
dusndeckoi mpupoae (aKTUBHOE U MaCCUBHOE
MMKPOBOJTHOBOE 30HIMPOBAaHUE, MHOTOCITEK-
TpalbHBIE OITUYECKUE, TMUIIEPCIEKTPAIbLHEBIE
u WK-maHHBIE), MPOCTPAHCTBEHHOMY paspe-
IIEHUI0, PAa3MEPHOCTU ¥ BPEMEHU TTOTy4eHUSI.

C 1nOMOIIBI0 MHCTPYMEHTOB, pealn30BaH-
HbeIX B STS, MOXHO He TOJbKO MCKAaTh U BbI-
6upath WHGOPMAIIVIO U3 apXWBOB, HO U aHa-
JIM3UPOBaTh HaHHbIE. OCHOBHOE ITOCTOMHCTBO
CO3JaHHOTO CcepBUCAa — IPEIOCTaBJISIeMbIiA
WCCenoBaTeisiIM WHCTPYMEHTApWil [UIST KOM-
IUIEKCHOTO aHAajIM3a pPa3jMYHBIX SIBICHUI
M IPOLIECCOB B MMPOBOM OKeaHe, OLIEHKU MX
KOJIMYECTBEHHBIX Y KAYeCTBEHHBIX XapaKTepH-
CTUK, BBISIBICHUsI IPOCTPAHCTBEHHBIX W BpeE-
MEHHBIX M3MEHYMBOCTE, M3YYEeHMS YCIOBUIA
BO3HMKHOBEHMSI U pa3BuTusi. B cepBuce STS
MPEeIyCMOTPEHbI BO3MOXHOCTU OIMCAHUS pa3-
JIMYHBIX TPOLECCOB M SIBJCHUI, MPOUCXOMIS-
mux B MUpoBoM okeaHe, 1 BeIeHUSI JTOJITOBPE-
MEHHBIX 0a3 JaHHBIX TAKUX OICAHMIA.

Cucrema VolSatView

OcHoBHas 3agaya cepBuca VolSatView —
00eCcTeunTh CIEeNUATNCTOB-BYJIKAHOJIOTOB OITe-
PaTUBHBIMU CIIYTHUKOBBIMU TAHHBIMU W WH-
GopMallMOHHBIMU TIPOMYKTAMU Ha OCHOBE HUX
00pabOTKM JISI MOHUTOPUHTA BYJIKAHUYECKOM
aktuBHOCTH Kamuarku n Kypun. Cucrema pas-
BuBaetcsi cobMectHo MBuC JIBO PAH, BII
ABO PAH, JanbHeBocTouHbIM LienTpom ([11)
«HULl <«IInaHeta» M OTOEIOM TEXHOJIOTHIA
cnytHukoBoro mouutopunra MKMW PAH npu
nognepxkke POD®U u nporpamm JIBO PAH.

CepBuc obOecrieunBaeT aBTOMATMYECKUIA
cOop, 0OpabOTKy M apXMBaLMIO Pa3TUYHON MH-
dopManuu MO peruoHaM IEeCTBUSI BYJTKAHOB
Kamuatku n Kypun, nonydyeHue u apXuBaiuio
CIYTHUKOBON MHGbOpPMALMU U Pe3yJbTaToOB €€

The system was developed and is maintained
within the framework of projects of the Russian
Academy of Sciences (“Monitoring™).

See the Sea System

See the Sea (STS) satellite service started
in IKI RAS in 2011. It is focused on a complex
analysis of satellite remote sensing data for the
Ocean studies. The system is developed and
maintained jointly by the Earth Remote Sensing
Technologies and Earth Research from Space
Departments of IKI, with support of the Rus-
sian Foundation for Basic Research (RFBR).

The STS main goal is to provide researchers
with access facilities and information analysis
tools for satellite data (online and archived), to
investigate processes in the Ocean and atmo-
sphere. Particular attention, as STS was devel-
oping, was paid to the possibility of joint storage
and complex use of data of different physical na-
ture (active and passive microwave sensing, mul-
tispectral optic, hyper-spectral, and IR data),
spatial resolution, size, and time of acquisition.

The tools of STS provide the search and se-
lection of information from archives, as well
as data analysis. The main point of the service
is the instrumentation for complex analysis of
various phenomena and processes in the Ocean,
assessment of their quantity and quality charac-
teristics, detection of spatial and temporal vari-
ability, and investigation of origin and develop-
ment conditions. The STS service provides a
description of various processes and phenomena
in the Ocean and maintenance of the long-term
databases of these descriptions.

VolSatView System

The main task of the VolSatView service is to
provide volcanologists with operational satellite
data and information products based on their
processing for monitoring of volcanic activity in
Kamchatka and the Kuril Islands. The system is
developed jointly by the Institute of Volcanology
and Seismology of the Far Eastern Branch of the
RAS (IVS FEB RAS), Computing Center of the
Far Eastern Branch of the Russian Academy of
Sciences (CC FEB RAS), the Far Eastern Cen-
ter of the State Research Center “Planeta” (SRC
“Planeta”) and the IKI RAS Earth Remote
Sensing Technologies Department with support
of the RFBR and the Far Eastern Branch of the
RAS programs.

CnymHukoeblli cepeuc
STS — so3moxxHOCMb
uccneo. p YyHbIE
AeneHUs Ha MopcKol
noeepxHocmu

STS satellite service —

the opportunity to study
various phenomena on sea
surface

CnymHukoeblli cepsuc
VolSatView. UccnedosaHrue
sy/IKaHuUYyecKou

'mu Ka

uKypun

VolSatView Satellite Service.
Study of volcanic activities
in Kamchatka and the Kuril
Islands
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00paboOTKM M3 pa3IMYHbIX LIEHTPOB MpUEMaA
1 00pabOTKM CITyTHUKOBBIX TaHHBIX. B HacTOs-
Iee BpeMsl B CHCTeMe MCITOJIb3YIOTCS JTaHHBIS
Pa3TUYHBIX METEOPOJIOTMUECKUX CITYTHUKOBBIX
cucteM, poccuiickux u 3apyoexHbix (NOAA,
Terra, Aqua, «Meteop-M» Ne 1). [Tpuém u 06-
paboTKy nHpOpMaIUK, TTOCTYTAIOIIEN OT HUX,
Benet AL «<HUILI «[Tnanera»«. B cucremy takxke
MOCTyNaloT JaHHbIe CITyTHUMKOB Landsat (B Ha-
crosiiiiee  BpeMsi (DyHKIIMOHUPYIOT CIYTHUKU
Landsat 7 u 8) u maHHble mpubopa Hiperion
(cnytHuk EOS-1). KpoMme atoro mosbs3oBaTenu
CHCTEMBI MUMEIOT BO3MOXHOCTh pabOTHI C NaH-
HBIMU poccUiickux cnyTHUKOB <«Pecypc-TI»
u «KaHomyc-B», KoTOpble TpenocTaBisieT
«HHL «ITnanera» u TI'eomoptan Pockocmoca.
B cepBuc Takke MOCTYMaOT pa3IMuHbIE METEO-
naHHble. MOXHO paboTaTh C JaHHBIMU pa3inuy-
HBIX CHCTeM, KOTOpBIE CJIEISIT 3a ByJIKaHWUYe-
CKOM 1 celiCMUYECKOM aKTUBHOCTBIO B PETMOHE,
B ToM uucie ¢ gaHHbiMu rpynnbl KVERT, vH-
dopManmoHHoOM cucteMbl «Bynkansl Kypuio-
KamuaTckoit octpoBHOil ayru» ['eomoprana
MBuC ABO PAH u AUC «CurHan». bnarona-
pS 2TOMY, B YaCTHOCTH, MOXKHO HETOCpe[-
CTBEHHO B CUCTEME TMOJTy4aTh JOCTYI K TaHHBIM
BUIcOHaOMoNeHNi 3a ByakaHamu [lluBemyd,
KitoueBckoit, ['openblii 1 ABAaYUMHCKUIA.

B cepBuce wuMeloTCsT apXuBbl JaHHBIX
¢ 2001 r. mo HacTosiliee BpeMsl.

Co3naHue 1 noIepKKa CNeNUATH3UPOBAHHBIX
WH(OPMAMOHHBIX CHCTEM TUCTAHIOHHOTO
MOHHMTOPHHTA, OPHEHTHPOBAHHBIX HA PelIeHNne
HAYYHBIX 327124

HNndopmanuonnas cucreMa IMCTAHIAOHHOTO
mMonuTopunra ®enepaibHOrO areHTCTBA JIECHOTO
xo3giicTBa («MCIIM-Pociaecxo3»)

«MCAM-Pocnecxo3» coznaBaiach o 3aKazy
@enepalbHOTO areHTCTBA JIECHOTO XO3SHCTBA
IUTST  OTIEPATMBHOTO ITUCTAHIIMOHHOTO MOHU-
TOPUHTA JIECHBIX MOXAapOB U WX TMOCIEACTBUA.
B 2003 r. oHa ObuTa BBeleHA B OMBITHYIO 9KC-
rryatannio, a B 2004 r. — B IMPOMBIIIUICHHYIO.
Cucrema co3naBajlaChb OOJIbIIMM KOHCOPLIMY-
MOM, B COCTaB KOTOPOTO BXOJIWJIM OpraHu3aluu
U uHCTUTYThl Pocnecxoza, PAH, Pocrumpo-
METa, a TaKXe OPraHu3aluu IPYIUX BELOMCTB
U YacTHBIE TIPEONPUSATUS. DKCIUTyaTalldio CU-
CTEMBI OCYIIECTBIISIET «ABHAJIECOOXPAHA».

CucreMa obGecrieurBaeT OMepaTuBHbIN cOOD,
00paboTKy M pacrpocTpaHeHUue WH@OopMalu
1o Bceii tepputopuu Poccun. CeroqHs oHa mo-
3BOJISIET paboTaTh C JaHHBIMM, MOCTYMAIOLIU-
MU c OoJiee yeM 15 KOCMUYECKMX anmnaparos.
B unTepecax cucremsbl ceromHsi GYyHKIMOHM-
pYIOT MHGOPMALMOHHBIE Y3JIbI, PACHOJIOXEH-
Hble B LIeHTpax npuéma B MockoBckoM, HoBo-
cubupckoM, KpacHosipckom u XabGapoBCKOM
perroHax. KpoMe crnyTHMKOBOI MHpopManuu
B CHCTeMYy TakKXe TIOCTYNaloT MeTeOJaHHbIe,
NAaHHBIE TPO3OMEJIeHralu M HA3eMHBIX Ha-
omoneHuit. Bee mpouecchl coopa, 06padboTKu,

Service provides automatic data collection,
processing and archiving of information relat-
ing to the volcanoes activity areas in Kamchatka
and the Kuril Islands, acquisition and archiving
of satellite data and processing products from
different centers of satellite data collection and
processing. At present, the system is using the
data of various meteorological satellite systems,
both Russian and foreign (NOAA, Terra, Aqua,
Meteor-M No.l1). Receiving and processing is
conducted by SRC “Planeta”. The system also
receives Landsat (currently operating satellites
Landsat-7 and -8) data and data from Hyperion
(satellite EOS-1). In addition, the system users
have an opportunity of working with the data
from the Russian Resurs-P and Kanopus-V sat-
ellites provided by SRC “Planeta” and Roscos-
mos Geoportal. The service also receives vari-
ous meteorological data. The data from different
systems for monitoring of volcanic and seismic
activity in the region including the KVERT
group data, data of the Volcanoes of Kurile-
Kamchatka Island Arc Information System of
the IVS DVO RAS Geoportal and Signal Auto-
mated Data System are available for users. Us-
ers also have access to video observation data of
Sheveluch, Klyuchevskoy, Gorely, and Avachin-
skiy volcanoes directly in the system.

The archive data are available since 2001 to
the present.

Development and Support of Special Information
Systems of Remote Monitoring

Information System for remote monitoring
of the Federal Forestry Agency
(“ISDM-Rosleskhoz*)

The ISDM-Rosleskhoz system was devel-
oped by the request of the Federal Forestry
Agency for real-time remote monitoring of for-
est fires and caused damages. In 2003 this sys-
tem was put into a trial operation and in 2004 —
into commercial. The system was developed by
a large consortium included organizations and
institutes of Rosleskhoz, the RAS, Rosgidromet,
as well as organizations of other institutions and
private enterprises. The system is operated and
maintained by Avialesookhrana.

The system provides rapid collection, process-
ing, and dissemination of information within the
whole territory of Russia. Currently users can
work with data from more than 15 satellites. Op-
erate information hubs, working for the system,
are located in receiving centers in Moscow, No-
vosibirsk, Krasnoyarsk, and Khabarovsk regions.
In addition to the satellite information, the sys-
tem also receives meteorological data, lightning
direction data, and Earth observation data. Data
collection, processing, archiving, and distribution
in the system are completely automated: currently
this is the largest system in the world by automa-
tion level and coverage of observed territory.
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apXMBallUM M PACIIPOCTPAHEHUS TaHHBIX B CHU-
cTeMe MpaKTUYECKU TOJIHOCThIO aBTOMAaTU3U-
POBaHBIL: TI0 YPOBHIO aBTOMATH3allM U OXBaTy
HaOJI00aeMOI TEPPUTOPUM OHA CETOMHS SIBJISI-
€TCsI cCaMOIl KPYITHOI B MUpe.

Kaxk 6a3oBble TeXHOJOTMU, OOECIEeUYnBaIO-
mue paboTy ¢ JaHHBIMHU, B CHUCTEME HCIIOJIb-
30BaHbl pa3pabOTKU OTHEIa TEXHOJOIUI CITyT-
HukoBoro mMoHutopmHra UKW PAH. Oco6o
CTOUT OTMETUTb, YTO B HMHTEpPEcax CUCTEMBI
ObUIM pa3paboTaHbl aBTOMATU3UPOBAHHbIC Me-
TOIBI 0OOPaOOTKY CITYTHUKOBBIX JAaHHBIX, KOTO-
pble TIO3BOJISIIOT ONEPATUBHO BOCCTaHABIMBATh
pa3MyHbIe XapaKTepUCTUKM, HEOOXOAUMBbIe
IIJIST OLIEHKU TTOXKApHOIl OMAaCHOCTH, OLICHUBATh
TUTOIIAAM, TIPOMIEHHBIE OTHEM, MPOTHO3UPO-
BaTb BO3MOXHBIE CLUEHApUU Pa3BUTUSI JICCHBIX
MOXAapOB U BEI3BAHHBIC UMM TTOBPEKICHMSI.

B Hactosimiee  BpemMsi  BO3MOXKHOCTSIMU
«ACIAM-Pocnecxo3» TOJb3YIOTCSI HECKOJIBKO
TBICSTY YUPEXKICHWI M OpraHu3aluii, KOTOphIe
3aHMMAIOTCS MOHMTOPMHIOM, TIpeayIpexie-
HUEM U TYLIEHUEM JIECHBIX IOXapoB, a TaKxkKe
OLIEHKOM MX MOCIEACTBUIA.

OrtpaciieBasi cHCTEMA MOHUTOPHHTA
@DenepasbHOro areHTCTBA MO PHIGOTIOBCTBY

OtpacnieBasi CICTeMa MOHMTOPWHTA BOIHBIX
OMOJIOTUYECKIX PEeCYypPCOB, HAOMIONCHNS U KOH-
TPOJISL 3a IPOMBICJIOBOI HESTENIbHOCTBIO CY-
noB («OCM PocpribonoBcTBa») OblLla BBeAeHA
B akcrutyaranuio B Mapte 2000 r. OHa co3naBa-
J1aCh U NOIIEPXKMBAETCsI KOOIepalueil oTpaciie-
BBIX KOMMEPYECKUX M HayYHBIX OpraHM3aIlnid,
B yactHoct, BHUBOPX, KLICM, Pernonanb-
HBIM LIeHTpoM MoHuTopuHra (MPLIM), KN
PAH, HIUMC, 3A0 «Tpan3zac» u np. ['ooBHast
opraHu3anus, OOecCIeYrBAaoOIIast TOLIEPKKY
u pazputue OCM, — [ICMC.

The works-out of the IKI RAS Earth Remote
Sensing Technologies Department are used as
basic technologies providing data management
in the system. It is noteworthy that automated
methods of satellite data processing were devel-
oped for the system that allow promptly restore
various characteristics required for assessment
of the fire danger, estimate areas covered by
fire, predict possible scenarios of forest fires and
damages.

At present thousands of institutions and or-
ganizations are used ISDM-Rosleskhoz for
monitoring, prevention and extinguishing of for-
est fires as well as damages assessment.

Sectoral monitoring system of the Federal Fishery
Agency (OSM Rosrybolovstva)

Sectoral monitoring system of marine biolog-
ical resources, monitoring, and control of game-
fishing activities of vessels (OSM Rosrybolovst-
va) was put into operation in March 2000. It was
developed and supported by commercial and
scientific organizations as VIIERKh, KTsSM,
MRTsM, IKI RAS, NTsMS, CJSC “Tranzas”,
and others. Leading organization providing
OSM maintain and development is TsSSMS.

b

Lkiihh

Mpumep aHanusa noxxapHou
cumyayuu e cucmeme
«ACAM-Pocnecxo3»

Example of the fire situation
analysis at “ISDM- Rosleskhoz
system”
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Cucmema «OCM
Pocpeibonoscmea». AHanus
npomsicnoeoli cumyayuu

8 Tamapckom nponuee
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OSM Rosrybolovstva system.
Analysis of game-fishing
situation in the Tartary Strait
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Ceitvac OCM obecrieyiBaeT MOHUTOPHWHT
POCCHUICKMX M MHOCTPAHHBIX CYAOB, BEIYLIUX
MPOMBICET B 3KOHOMMYecKou 3oHe Poccum,
a TaKke POCCUUMCKMX CYIOB, HAXOMSIINXCS
Ha MPOMBICIE B pas3lW4yHbIX pailoHax Mupo-
Boro okeaHa. OCM obecrnieurBaeT KOHTPOJIb
HECKOJIbKUX THICSAY CYIOB, M3 KOTOPBIX OKOJIO
2000 o6bIYHO HaxoasATcs Ha rpombiciie. I1o yuc-
JIy CYIOB, HAXOMSIINXCS TIOX KOHTPOJIEM, CUCTe-
Ma SIBJISIETCS CAaMOW KPYITHOW B MUDE.

B OCM B NOJHOCTBIO aBTOMAaTUYECKOM pe-
XKUMe coOupaercss 1 oOpabaTbiBaeTcsl pas3jiny-
Hast uH(opMaIusa, HeoOXxoauMasi 1Jis KOHTPO-
JISl TIPOMBICJIOBOM NIEATEIbHOCTU, B TOM 4uCJIe
0 MTO3WITMOHUPOBAHUY TTPOMBICIIOBBIX CYIIOB.

Ceitvac B coctaB OCM BXOOUT OKOJIO
50 uHGOPMAILMOHHBIX Y3JI0B B OpraHU3aLusX,
TTOIBEIOMCTBEHHBIX POCPBIOOIOBCTBY, TTOIpas-
neJIeHUsIM OeperoBoil OXpaHbl IOrPaHUYHON
cayx6bl (IIC) ®CB, peroHaIbHBIM CITyK0aM,
MBI u np.

ABTOMaTU3UpPOBaHHbIE TIPOLIECCHl  cOopa,
00pabOTKM M pacrpoCcTpaHeHUs MH(OpMaLUu
B CUCTeMe B OOJIBIIION CTETIEH! peay30BaHbl Ha
TEXHOJIOTHSIX, pa3pabOTaHHBIX B OTHEIE TEXHO-
Jioruii cytHukoBoro Mouutopunra MK PAH.

O0benunénnas cucremMa padoThl ¢ JAHHBIMA
nentpos HUII «Ilnanera» ®enepaibhoii
CJIyKOBI 110 THAPOMETEOPOJIOTHI | MOHUTOPUHTY
OKpY2Karomein cpeasl

CeromHs1 NaHHBIE CIYTHUKOBOTO JMCTaH-
LIMOHHOTO 30HIMPOBaHMS 3eMJIM CTaIM OTHUM
U3 OCHOBHBIX MHCTPYMEHTOB JUIS pEILIEeHUs
pa3IMYHBIX 33/a4 TUIPOMETEOPOJIOTUH, MO-
HUTOPUHTA OKpYXalolllel Ccpenbl, 4Ype3BbI-
YallHbIX CUTYyalU M OMacHbIX sBAeHMIA. s
OIEepPaTUBHOIO TMOJy4YeHUs, 00pabOTKU U pac-
MPOCTPaHEHUSI TaKoW MH(oOpMaluu B cOCTa-
Be Pocrumpomera (GyHKUMOHUpPYET HayYHO-

Today OSM is monitoring Russian and for-
eign vessels fishing in economic zone of Rus-
sia as well as Russian vessels fishing in various
regions of the World Ocean. OSM is provid-
ing control of several thousand vessels, 2000 of
which are usually in the fishery. The system is
the largest in the world by the amount of vessels
under control.

OSM is collecting and processing various in-
formation required for fishery control including
fishing boat positioning in a completely auto-
matic mode.

Today OSM includes around 50 information
web-sites in the organizations subordinated to
Rosrybolovstvo, the Coast Guard of the Border
Service of the Federal Security Service of the
Russian Federation, regional services, the Min-
istry for Internal Affairs and others.

The automated processes of information col-
lection, processing, and distribution in the sys-
tem are well implemented in the technologies
developed by the Earth Remote Sensing Tech-
nologies Department.

Integrated System of Data Management
of SRC “Planeta” of the Federal Agency
for Hydrometeorology and Environmental
Monitoring

Today the data of satellite remote sensing are
the primary tools in hydrometeorology, envi-
ronmental, emergencies, and dangerous events
monitoring. SRC “Planeta” is operating in
Rosgidromet to provide rapid acquisition, pro-
cessing, and distribution of information, and is
responsible for one of the largest network of satel-
lite data acquisition and processing in the world.
The core centers of this network are located
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WCCIeNOBATEIbCKAN ~ IIEHTP  KOCMMYECKOU
ruapometeoposiorun «IlnaHera», obecreunBa-
01U paboTy OJHON M3 KPYMHEUIIUX B MUpe
cereii mpuémMa M 0OPaOOTKM CITyTHHUKOBBIX
JaHHbIX. OCHOBHBIE LIEHTPBI 3TOU CETU pacrmo-
JoxeHbl B Mockse, JonronpynHom, OOHUH-
cke (EBpometickuit uentp «<HUILIL «[lmanera»),
HoBocubupcke (Cubupckuii 1ieHTp) U Xaba-
poBcke (JlanbHeBOCTOUHBIN 1ieHTp). JlaHHast
ceThb obecrieunBaeT MpUEM U 06pabOTKy Oosee
300 I'b maHHBIX B CYTKM, MOCTYIAIOLIKUX ¢ 6O-
Jiee yeM 20 oTeueCTBEHHBIX U 3apy0exHbIX KA.

[ns  omepaTMBHOTO AOCTYNa K apXuBam
CIyTHUKOBBIX JaHHBIX M Pa3IUYHBIM UHMOP-
MallMOHHOM TIpoayKTaM Ha ux ocHoBe «HHIL]
«[lmanera»« copmectHo ¢ MKW PAH paspa6o-
TaJqu U BHEAPUIU OObEAMHEHHYIO CUCTEMY pa-
60THI ¢ MHMOPMaIIUet, moTyJyaeMoi B IIEHTpax
npuéma. CrucreMa Io3BOJISIET HE TOJBKO TOJTY-
yaTh JOCTYN K MHGOPMalUUM Pa3IMYHBIX LEH-
TPOB, HO W TIPOBOIUTH KOMIUIEKCHBIN aHAJN3
nHGbOPMALINY, TTOCTYMAIOIIEH OT CITyTHUKOBBIX
CHUCTEM, B TOM YMCJIE U YIAIEHHO.

ABTOMAaTU3MPOBaHHBIE TIPOIIECCHI  TTOJTY-
YyeHMs, 00pabOTKM, apXUBallMM U TIpEICTaBIIe-
HUSI CITyTHUKOBBIX JaHHBIX U PE3yIbTAaTOB UX
00paboTKU peaju30BaHbl CErOgHSI B CHUCTEMeE
Ha OCHOBE TEXHOJIOTHH, pa3pabOTaHHBIX B OT-
JieJie TEXHOJIOTUIA CTYTHUKOBOTO MOHUTOPWHTA
WKU PAH.

Nudopmammonnas cucrema VEGA-PRO

BEI'A-PRO — npodeccrnoHanbHbIi MHGOP-
MalMOHHBIN CEPBUC aHAIM3a AAHHBIX CITyTHU-
KOBBIX HAOJIOIEHU IUTSI OIICHKU U MOHUTOPUH-
ra BO30OHOBJISIEMBIX OMOJIOTMYECKUX PECYPCOB.
B ero ocHOBy Jieryin MHOTOJIETHHE Pa3pabOTKU
oTHeNna B OOJIACTM aBTOMATU3WPOBAHHBIX Me-
TONOB U TEXHOJIOTUIA cOopa, 00pabOTKU U pac-
MPOCTPAHEHUSI CITyTHUKOBBIX JTAHHBIX.

in Moscow, Dolgoprudny, Obninsk (European
Center of SRC Planeta), Novosibirsk (Siberian
Center), and Khabarovsk (Far-Eastern Center).
This network provide daily acquisition and pro-
cessing of more than 300 GB data from more
than 20 Russian and foreign satellites.

For quick access to satellite data archives and
various information products, SRC “Planeta”
in cooperation with IKI developed and imple-
mented an integrated system for operating with
data from acquisition centers. The system pro-
vides access and complex analysis of information
from different centers, also distantly.

Automated processes of acquisition, process-
ing, archiving and presentation of satellite data
as well as the results of their processing are im-
plemented in the system based on the technolo-
gies developed by the IKI RAS Department of
Satellite Monitoring Technologies.

Information System VEGA-PRO

VEGA-PRO is a professional information
service for monitoring of renewable biologi-
cal resources based on satellite data analysis.
VEGA-PRO Service is created based on long-
term developments of the Earth Remote Sens-
ing Technologies Department in the field of au-
tomated methods and technologies for satellite
data collection, processing and dissemination.

WUHdopmayuonHas
cucmema HUL «Mnanema»
Pocezudpomema. AHanus

OaHHbIX 2e0CmayuoHapHbIx

cnymHuKoe

Information System

of Scientific Research Center
“Planeta” of Rosgidromet.
Geostationary satellites data
analysis
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Cucmema BETA-PRO. Ananus
aHomanuii 8 pazeumuu
€eNlbCKoX03AlicM8eHHbIX
Kynemyp

VEGA-PRO system. Analysis
of crop development
anomalies
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CepBuc BEI'A-PRO 6bu1 coznan B 2013 T.
coBmecTHO crienmamctamu UKW PAH n MR-
CTUTYTa KOCMHMYECKUX HCCIeNOBaHUN 3eMIu
(000 «MKHM3») npu noanepxke douna Cxkon-
koBo. Pa6ory cepBuca BEI'A-PRO nmonnmepxu-
BaeTr OO0 «MKHM3» — KoMnaHUsI-y4aCTHUK
Kiractepa KocMUYeCKMX TEXHOJOTUA U Teje-
KOMMYHUKaiuii CKOJKOBO.

Dro MHGOPMALIMOHHBIN CepBUC ST TPO-
deccuoHalbHON pabOTBI C  OOHOBJISIEMBIMU
B pexuMme, OJM3KOM K peajlbHOMY BpPEMEHH,
apXMBaMU CIYTHUKOBBIX JaHHBIX M OPYroit
reornpoCTPaHCTBEHHOM MHMOpMaIueit, s pe-
LIEHUS [IIMPOKOTO Kpyra 3aja4y OLEeHKH U MO-
HUTOPUHTA BO30OHOBJISIEMBIX OGUOJIOIMYECKUX
pecypcoB. CepBUC OPUEHTUPOBAH B OCHOBHOM
Ha CMELUATNCTOB B 00JIACTH CETLCKOTO U Jiec-
Horo xossiictBa. Ero 3amaua — obecreynTb
BO3MOXHOCTb KOHTPOJISI TEKYIIETO COCTOSTHUS
pPACTUTEILHOCTM Ha WHTEPECYIOIIeM CIelt-
anucta 00beKTe (CEebCKOXO3SMCTBEHHBIX TO-
JIIX, ydacTKaxX TAacTOMI, CEHOKOCOB, JIECOB
u 1.11.). [Ipn 3TOM mojb30BaTeIM cepBHCa Ca-
MOCTOSITEJIbBHO MOTYT 3a[aTh TPaHMLIBI MHTE-
pecyloliero o0beKTa W aHAIM3UPOBaTh UMe-
folecs sl Hero naHHble. Tak, Hampumep,
CTEIUATUCTBI B 00JIACTU arpoCTpaxoBaHUs MO-
I'YT UCIOJIb30BaTh TOJTydaeMylo WHGOpMAInio
IUIsI OTIpE/IeIeHUsI CTPAXOBOW CYMMBI U yliepoa
OT BO3IEICTBUSI Ha MOCEBbI HEOIATOMPUSITHBIX
akTopoB; 3eMIIEBIANENBILI U 3eMJIETIONB30-
BaTeJIM MOTYT KOHTPOJMPOBATH XOI Pa3BUTHS
KYJbTYp ISl TIPUHATUSI HEOOXOMMMBIX OIlepa-
TUBHBIX PEIIeHWI, a CIHEIUAINCTHl JIECHOTO
XO03511ICTBA U JIECOTOJIb30BaTEIM — OMEPATUBHO
OLICHMBATh JIECHBIE PECYpPChI, IIOLIAAN H3Me-
HEHU B Jiecax, BEI3BAHHBIE TIOKapaMu, BEIPYO-
KaMM, TUOEJIbIO IPEBOCTOCB.

Ceiiyac cepBUC OCYLIECTBISIET MOCTOSTHHBIN
MoHUTOPUHT 0K0J10 300 000 06BEeKTOB.

The VEGA-PRO service was created with
support of the Skolkovo Foundation by IKI
jointly with the Institute for Space Research of
the Earth (IKIZ Ltd.). The VEGA-PRO service
is maintained by IKIZ, participating company of
Skolkovo’s space technologies and telecommu-
nications cluster.

VEGA-PRO is information service for pro-
fessional operations with in near-real-time up-
dated satellite data archives and other geospatial
information to provide solutions for wide range
applications focused at assessment and monitor-
ing of renewable biological resources. The ser-
vice focuses primarily on the experts in the field
of agriculture and forestry. Its goal is to provide
control of the current state of vegetation at the
objects of the expert’s interest (agricultural
fields, grazing areas, haylands, forests, etc.). And
the service users are able to set the ranges of the
object of interest themselves and analyze the
data pertaining to this very area. For instance,
the experts in the agricultural insurance field
can use the obtained information to define the
insurance coverage and damage caused by the
influence of adverse factors on the seeding; the
land owners and land users can control the crop
development to make the required real-time de-
cisions and forestry experts and forest users can
rapidly evaluate forest resources, areas of forest
changes caused by fires, clearance, and forest
stand loss.

Today this service is performing a constant
monitoring of around 300,000 objects.



