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A RUSSIAN STATE CORPORATION FOR SPACE ACTIVITIES
e «ROSCOSMOS»

d Now in the Russian Federation by the authorized body on
outer space activities is a State Corporation «Roscosmos»

 Earth remote sensing is one of the most important
directions of Roscosmos’s activities

d The main document defining the development, and how
to create space funding is the Federal Space Program of
Russia

4 In the current Russian Federal Space Program for 2016-
2025 identified key issues for the creation and
development of tools and technologies of remote sensing



A’ KEY DIRECTIONS OF ROSCOSMOS ACTIVITY TO DEVELOP
RUSSIAN SPACE SYSTEM FOR EARTH REMOTE SENSING

Q Enlarging and improvement of Russian orbital group of satellites for
Earth Remote Sensing (ERS)

O Development of ERS ground infrastructure, including complexes for
acquisition and processing of space data and data distribution system

O Creation of scientific and technical background for the development of
prospective ERS onboard equipment

O Improvement of legislation, rules and regulations in the field of Earth
Remote Sensing Data

O Coordination with Government bodies, leading public and commercial
organizationsin the field of Earth Remote Sensing

U Enhancement of international cooperation



4 RUSSIAN REMOTE SENSING ORBITAL

CONSTELLATION IN 2016:

d 3 "Resurs-P” Ne 1, Ne 2 and Ne 3 with high resolution (better than 1
meter) optical sensor, wide capture multispectral optical sensors (with
high — 12 meters and medium — 60 meters resolution) and
hyperspectral optical sensor (with 30 meters resolution)

d 1 “Kanopus-V" with panchromatic optical system (with 2.5 meters
resolution) and a multispectral optical system (with 12 meters
resolution/

2 Hydro-meteorological satellite "Meteor-M” Ne 1 and Ne 2 (with 50-
70 meters resolution and 1000 kilometers swath width). It's also used
for global monitoring of the Russia territory for 2 or 3 days

1 2 Hydro-meteorological geostationary space complex "Elektro-L” Ne
1 and Ne 2 with the every 30 minutes global observation of the Earth
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4 RUSSIAN REMOTE SENSING ORBITAL
CONSTELLATION

Spacecraft
_ Resws Meteor-M Ne1, 2 Elektro-L | Kanopus-V Resurs-P Ne 1, 2
Characters

15.06.2006 18.09.2009 20.01.2011  22.07.2012 25.06.2013, 26.12.2014
3years 5...7 years 10 years 5...7 years 5years
Swath width, km KMSS MSU SMSA SMSA
MSU- MSS yr  thevisible PSS MSS  OEA  GSA o SR
28.3/16 100 U-50 part of the
Earth
900 900 2800 23 20 38 22 97 441
rsepsa(g[lll?![ion m: in the visible
. P ) i ) range — ) better - 12 60
bp;arl]r:jchromatlc 1/upto 3 1000 25 than 1
. . in IR range
multispectral 2-3/3-5 60 120 1000 _ 4000 12 3.4 30 23 120
band
Number of upto
TS 3/1 3 3 6 10 1 4 7 256 6 6
Revisit time, day upto 6 2 30 min. 4 3-4

Russian orbital group provides all types and modes
of imagery In the optical range
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‘»A’ “RESURS-P”

the RESURS-P satellite is designed to observe the
Earth’s surface and to radio link the data acquired to ground complexes of - W
data receiving, processing and dissemination for addressing a wide range of , VSR
tasks to the benefitof various consumers as wellas to use for developingan
international cooperation of Russia in the environmental control and other
actual problemsrelevantto the Earth remote sensing

Antenna for onboard

. . . ; . . Antenna for
coordinate-time synchronizer Combined propulsion unit

command&measuring system

Propulsion module

Solar battery

Instrument module

General
View

Special-purpose instrument
Powered gyroscopic module

complex

Hyperspectral equipment

Optoelectronic

equipment Sensor unit

High-speed radio link
antenna

Star positioning unit

Antenna for command & Infrared sensor of local
measuring system / vertical 7




“RESURS-P” DATA

High Resolution— 1 m
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“RESURS-P” DATA

Medium Resolution— 120 m

@ ®PedepanbHOe KOCMUYECKOe azeHmcmeo

POCKOCMOC

August 14, 2013

ltaly, Sicily
"8~ UHopmayus npuHama u obpabomaHa Onepamopom KC 133 )
\) (HLj OM3 OAO “Pocculickue KocMu4eckue cucmemabi”) Multlspectral Image




 “RESURS-P” DATA

Pansharpened Image
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Russia Federation, Zhukovsky
International Aviation and Space Salon
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“RESURS-P” DATA

Hyperspectral Image

Dublin, Ireland
, July 19, 2013
(HLj OM3 OAO “Pocculickue KOcMUYeckue cucmemst”) y Hyperspectral image




‘,A EXPERIMENTAL THEMATIC PROCESSING OF
==  HYPERSPECTRAL IMAGES USING THE MOSCOW
INSTITUTEOF PHYSICS AND TECHNOLOGY SOFTWARE

Natural colors RGB-
composite

Thereservoir Somasila (river Penna), Eastern India




“KANOPUS-V”

spectral imaging of the Earth

Applications Areas:
b : v : Launch data
v' creation and update of maps

(scalel: 25000 and smaller):; £ qredily

: . Orbit
environmental ecological =

monitoring;
Sensor

natural and man-caused Spectral bands
emergency situations Shatal eeoiuten
monitoring;

Swath width

v Sensor
respond to agriculture and

forestry challenges; Spectral bands

socio-economic infrastructure Spatial resolution

monitoring Swath width

panchromatic and multi-

Main Charcteristics

July, 22 2012

Joint Stock Company “Research and Production
Corporation Space Monitoring Systems,
Information & Control and Electromechanical
Complexes” named after A.G. losifian”

Circular sun-synchronous

Inclination 97.436 deg
Height average 510 km

PSS (Panchromatic Optical System)
Panchromatic: 0.54 - 0.86 pm
25m

23 km

MSS (Multispectral Optical System)

Blue: 0.46 - 0.51 pm
Green: 0.51 - 0.60 ym
Red: 0.63 - 0.69 pm
Near Infrared: 0.75-0.84 pm
12m

20 km



“KANOPUS-V” DATA

dJedepaanoe KOCMU4YeCKoe aceHmcmeo

ltaly, Vesuvius

: X Nl Sl I e VR August 2, 2013
78\ MHpopmayus npuHama u o6pabomaHa Onepamopom KC /[ ) N - e g R ’
@ <® (HLl OM3 OAO “Poccuiickue KocmuYeckue cucmembl’) ; : : e & G S 4 Pansharpened Image 17




“KANOPUS-V” DATA

4 i

August 1, 2013
@ ( "8~ MUHpopmayus npuHsama u obpabomaHa Onepamopom KC 33
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“ “METEOR-M” / KMSS

hydrometeorological
supervision, research of natural resources of the
| Earth and ecological monitoring

Solved»problems:

v recepti on of the initial Designed by Joint Stock Company “Research and Production

. Corporation Space Monitoring Systems,
h yd rometeorolo gic al data on a Information & Control and Electromechanical

global scale for weather Complexes” named after A.G. losifian”
forecasti ng, i Circular sun-synchronous

Launch date 17 September 2009

Inclination 98.85 deg
Height average 835 km
control of the dangerous : : :
weather phenomena and the i bt it )
prevention of their approach; MSU-50
—_— Spectral bands, ym MSU-100 MSU-50
. - Green: 0.535-0.575 Blue: 0.370 - 0.450
climate forcing Con_trOI and the Red: 0.630-0.680 Green:  0.450 - 0.510
Earth global changing Near Infrared: 0.760 - 0.900 Red: 0.580 - 0.69C
monitoring; Spatial resolution 60 m 120 m
A . X '@ Swath angle 39 deg
radiation and heligeophysical
ol c Swath width 900 km
conditions control in near-
Earth Space | n | nterests Of Radiometric resolution 10 bits per pixel
flights’ safety, Steady radio Temporal resolution (at 60 deg latitude) 3 days

communication, men health PR I MTVZA-GYa, GGAK-M, BIS, BRK SSPD



A4 “METEOR-M” Ne1 / KMSS DATA

~ Fires monitoring, Russia Federation, Irkutskaya oblast, 2011

- 28 % MNMoxapoonacHas o6¢cTaHOBKa B paioHe ropoaa Bparcka KA “Mereop-M" Ne 1

S 23.09.2011 06:01:08 mck

7\ WHdopmaums npuHaTa u obpaboraHa Oneparopom KC [133
(‘ﬂﬁ") (HL} OM3 OAO "Poccumckue KOCMUYeckue cuctembl"”)




4 “METEOR-M” / MSU-MR

hydrometeorological
supervision, research of natural resources of the
| Earth and ecological monitoring

Solved»problems:

& receptl onof thei I:]Itl al Designed by Joint Stock Company ‘Research and Production
hydrometeorological data on a Corporation Space Monitoring Systems,
Information & Control and Electromechanical
g lobal s C ale for weather Complexes’ named after A.G. losifian’
forecasting;

Launch date 17 September 2009

Circular sun-synchronous

Inc-lination 98.85 dec
control of the dangerous Height average 835 km
weather phenomena and the Sensor MSU-MR (Multispectral Low Resolution

prevention of their approach; Optical Instrument)

Spectral bands Red: 0.50 - 0.70 pm

e ettt e Near Infrared: 0.70 -1.10 pm
climate forcing control and the zh:rt-wa\llelenr?t:t :nfra:’ed: ;gglgg pm
. id-wavelenght Infrared: .50 -4.10 pm
Earth global changing Thermal Infrared: 10.50 - 11.50 pm
monitorin g; Thermal Infrared: 11.50 - 12.50 pm
"N Spatial resolution 1000 m
radiation and heligeophysical Swath width 2800 km
conditions control in near- : :
Radiometric resolution 10 bits per pixel

Earth space in interests of
flights’ safety, steady radio Temporal resolution e
communication, men health Scientific instruments MTVZA-GYa, GGAK-M, BIS, BRK SSPD



‘»4 “METEOR-M” Ne1 / MSU-MR DATA

70%a 65°aa

O — T Atlantic Ocean,
' Y % B : Bermuda

September 6, 2013
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65%3a

HL OM3 08.09.2012 Mereop-M B15445 133416-133954I8 C26-31/3061-59 A-170 MCY-MP H 048-13

Russia Federation, ]
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)
3 N/ (MU OM3 QAD "POccudonud sOCMUYOCRIA CUTmeonns ™)
July 22, 2013




A “ELEKTRO-L” Ne 1, 2 ,
/ ..
ELEKTRO-L geostationary hydrometeorological . v 'é

@, y
spacecraft is designed for operational imaging of cloud cover and the . ,..

Earth’s underlying surface, heliogeophysical measurements,
hydrometeorological and housekeeping data collection and relaying

Application Areas: Main Characteristics

v' operative (15-30 min) reception
of cloud and Earth underlying
surface images;

v' weather analysis and forecast
Inregional and Global scale;

SENSOr; MSU-GS{((GeostationaryMultiband

v aircraft safety flight dcanninginstrament)

requirements analysis and
forecast;

v sea and ocean conditions
analysis and forecast;

v climate and global changes
monitoring;

v' environmental ecological
monitoring

23



POCKOCMOC

Buanmbin ananasoH (RGB) UH¢pakpacHbIn kKaHan (10,2-11,2 Hm)



A “ELEKTRO-L” Ne1 DATA
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= \ N Tponuueckui umknox “RUSTY
4 . N 2 % ; 2 VN o S { y R WHAaUACKUiA oxeaH
ol -+ UHpopmayus npuHama u obpabomana Onepamopom KC 433 37 g Couemka MCY-I'C KA “3nextpo-I1*
\/' <=/ (HL OM3 OAO “Poccuiickue KocMuyeckue cucmemii’”) AN 1 ¢ 26 dpespans 2013 1

Indian Ocean,
“Rusty” cyclone
February 26, 2013




A THE AMOUNT OF "ELEKTRO-L" DATA
PRODUCED IN THE SHOOTING SESSION
FOR 5 MINUTES

AA=8.2-9.2mm AAN=92-102mm AA=102-11.2mm AA=11.2-12.5mm
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4 IN 2017 RUSSIAN FEDERATION WILL BE
" LAUNCH 2 REMOTE SENSING SATELITES:

4 “Kanopus-V*“-IK with panchromatic optical system (with 2.5 meters
resolution) and a multispectral optical system (with 12 meters
resolution) and infrared camera

Hydro-meteorological satellite "Meteor-M” Ne 2-1 (with 50-70 meters
resolution and 1000 kilometers swath width). It's also used for global
monitoring of the Russia territory for 2 or 3 days



The development of “Resurs-P” space
System, consisting of 3 satellites - the key
specific feature of remote sensing data
receiving.

The launch of “Resurs-P” Ne 3 is
scheduled for
March 12, 2016.

This will allow to Increase the
capabilities for obtaining high-resolution data
up to 500.000 km? per day and to ensure high
frequency of image acquisition (up to once
per day).



@Thus, by the end of 2017 Russian remote sensing orbital
constellation will consist of 10 satellites:

POCKOCMOC

O 3 "Resurs-P" satellites with 0,8 metre resolution, a hyperspectral optical
sensor (25 metres) and wide capture multispectral optical sensors (12/25
metres);

d 2 "Kanopus-V" satellites with a panchromatic optical system with 2.5
metres resolution and a multispectral optical system with 12 metres
resolution, including one satellite with an infrared camera;

O 3 hydro-meteorological satellites "Meteor-M" (the final stage of flight
tests) with a multispectral optical system with 50-70 metres resolution
and 1000 kilometres swath width.

U 2 hydro-meteorological geostationary space complex "Elektro-L" with an
optical system for the Earth global observation every 30 minutes.



RUSSIAN EARTH OBSERVATION MISSIONS 2006—201064,

Multispectral sensors

deve

JSC “Ru
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Systems”

Global

and Regional Scale

Data VNIR, IR, Microwave

(1) Meteorology

(2) Natural Resources Studies
(3) Disasters

(4) Geophysics

>80 mil. sq. km
Medium-Res Images

2007 2008

Global Scale Data
Geostationary Orbit
VNIR, IR

(1) Meteorology
(2) Disasters

(3) Geophysics

——

N

Global Scale Data
Geostationary Orbit
VNIR, IR

(1) Meteorology
(2) Disasters

(3) Geophysics

SAR (X-Band)

Global and Regional Scale
Data VNIR, IR,

(1) Meteorology
(2) Natural Resources

Microwave,

)

= Studies
O (3) Disasters
: (4|) Geophysics :
2009 2012

2010 2011

2013 2014

METEOR-M2-1

2015-2016
Y

o

1 1
Local and Regional Scale

CocarScale Data
VNIR

(1) Natural Resources
Studies

(2) Cartography

Data

VNIR

(1) Natural Resources Studies
(2) Cartography

Local and Regional Scale Data
VNIR (Hi-Res), IR

(1) Natural Resources Studies
(2) Cartography

(3) Disasters

> 40 mil. sq. km |

Visible/ IR Data

Background: METEOR-M1/ MSU-MR mosaic (2012)

(’2) Gpnp hylcir‘Q

No OPERATION!

> 25 mil. sq. km
Hi-Res Images

SAR Data

Hi-Res images A
|
1
> 15 mil. sg. km
Hi-Res images

Local and Regional Scale Data
VNIR (Hi-Res), IR, Hyperspectral
(1) Natural Resources Studies
(2) Cartography
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A . D,
RESURS-P3
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POCKOCMOC

By the end of 2025 Russian remote
sensing orbital
constellation will consist of 28-30
satellites
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Remote sensing orbital
constellation operates via ground-
based infrastructure required for
datareceiving, processing,
storage and dissemination in
order to provide customers with
space information
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“ ETRISDZZ

ETRIS DZZ constitute the basus of remote |
sensing centers and points to obtain space
| Information posted throughout the territory of |
‘ the Russian Federation.

In 2016-2017, planned to develop three
large reception center in the north of the
country in the areas of Murmansk, Anadyr
and Dydinka that will provide complete
| coverage of the territory of the Russian mput

| areas

38



4 ETRISDZZ

Hapserus e Dleme g the Conception o e R an Remote
Aa ¢ & ‘ s 0 em Developme O e Period 0 as 1o R
flgelv allow ROSCOMOS to coordinate ground centers fo !
)'/J ) a ArQE a a a
b = ‘ Dd dald (] d U O Cl 0 O O C C ,‘" AHagbIpb
@MH”QH&WR f‘ “ O COoOrdinate ed 0 alnaG c c U e D ) <10 ale 9 ([ A ¢
. = 1 ". > : ] .,\
) . s oF O emote Se 0 Data
LI KanuuuHrpag i
) A - 8 MOPE AANTERMY . /
/ EBporigiickan pemonanbﬂ-ﬂ 3oHa ETPUC 33 o> Vs M
\ Cankr-lMetep6ypr ont o ¢ 9 N
\ '{ b ey AR } & N "" BEPHNE
Beﬂdp CM ‘ ’4 y : / | o (/'- ] sy g ‘~>\7§‘_';(‘ k ¢ } { MOPS
e Bonorga ) =4 | ; . )\ 3 S—y
4 \ 7 ~ \ { | |
\ ' ) £ i A { [ A '» N
| \ : E ) { : ‘ o M\
‘ ’ KPA “TRY va R X { ) ! £i-) ’
¥\ - O o ot s PR .
\paWHa £ ! L6 //\‘ J g 4, \
N Y g
» ] /
J.‘_ {'\‘ ), 3 4
T ) OXOTEROR
Camapa wmth-x o — \ — y e MOPE
o E 6
”’Q\ % ATEPHHBYPL o Oupckas pe oH‘aanaﬂ 30Ha ETPMC a3
,\ 7 % ."‘i“w
" e — .\: ﬂaaneBocTquaﬂ pe OHan 30Ha ETPMC 033
! \,g ) 4 : ] Hoeocun6 —y
y - 3 ¢ 3
\ ,' < . L '? >
R\'\ '\ .ﬂv 10HO-CaxanmHck
pR o | “ : a6GapoBck
Kazaxarad W ‘ 47 o i P8 &
Mplfyrcx i {
. »"\ ‘ & {
== Data Communication Channels betweenregional zones sl L)\ ‘
— DataCommunication Channels between within zones _—— BnaaMBOCTOK ~0
. Space Monitoring Centers of ROSCOSMOS X . D
Space Monitoring Centers of ROSHYDROMET , § Anonckor 'E
Space Monitoring Centers of other ministries, ‘ o
P departments, organizations, and universities.. ;
U Space Monitoring Centers in the Arctic Reglon
Wl VAL R~ 18]




A INFORMATION SERVICES.

ROSCOSMOSO0S’S GEOPORTAL

____Thelmain page off@€oportal.

ﬁoscosmos Geoportal provides operative
access, data search, satellites characteristics,
remote sensing data and products of its
processing ordering, as well as the ability to
monitor ground-based sites and facilities in
time.

Every day more than1000 visitors access the
Geoportal via Internet.

Qstrong consumer segmentis established /

$41



A INFORMATION SERVICES.
ROSCOSMOSOS’S GEOPORTAL

Free Access

» Metadata catalogue

* General catalogue
of remote sensing
data

» Continuous earth
surface coating with
space imagery data

* Provision of space
information and
thematic products on
customers demands

Qnternet

ROSCOSMOSOS’S GEOPORTAL

nes

www.gptl.ru

Authorized access

» All features of free
access to Geoportal

* Access to thematic
data segments and
special thematic
products

* Very-high resolution
data access

- dZ>»

Launched in December 2010, Roscosmos Geoportal provides online accessto
Information from Russian ERS satellites to a wide range of users and
additional opportunities for authorized users

42
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