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Belarusian Earth Remote Sensing Space System
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SOLVING TASKS

1. Satellite antenna pointing and monitoring
2. Receiving, multiplication and transformati
of radio signal from satellite
3. Demodulation, digital code transformation
and registration of space data
4. Received space data preliminary processin
and transfer to the BERSSS database
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MAIN TECHNICAL CHARACTERISTICS

Parabolic mirror antenna system diameter -
9, m

antenna system total weight - 14,0 t
Operating frequency range - 8,0-8,4 GHz
Satellite data receiving rate -

up to 245 megabyte/s

Receiving data validity (error probability) -
Control and antenna pointing methods -

ion

L0

program automaintenance, manual
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characteristics

Solar-synchronous orbit raising,km
Field of view, km
Swath , km
Resolution:
- panchromatic subsystem, m

- Multispectral subsystem, m
In-orbit life, years

Data transfer rate, mbyte/s up to

Orientation accuracy, angl. min

Belarusian Earth Remote Sensing Space System
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J Belarusian Earth Remote Sensing Space System
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Orbital structure of intergovernmental integrated space system
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Interpretation of remote sensing imagg
anhd digital maps and their applications
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forecasting and modeling of the
disaster on the enterprises and
vehicles with chemically dangerous
stuff;

modeling and forecasting of forest
fires dynamic;

modeling of the flooding zones;

output of maps with information of
hazard.
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Forecasting and modeling of the disaster
on the enterprises and vehicles with
chemically dangerous stuff
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Polluted zones determination and identification
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Technologies of land monitoring
by using remote sensing images
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Water erosion soils
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Arabie lands containinétion

Cleaning reservoirs
(don’'t work)

h ; ar
i .
N 2 N
y L
» '._ ’1'! "\_ "
i ol
- L]
&
. l
¥ 5 L T * ”
s .
-rf f‘.‘ s ‘-’.' I
L] 4 - 3 /

Cattle-breeding flowing

X 4 Q o
Agricultural lands contamlnatlon*’/ J

by cattle-breeding flowmg i -r/;/

/



Arable land g Arable land
covered by vegetation (open soil)
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acquisition and pre-processing of
spectra-zone space images;

images to map rectification;
classification of forest by wood
species , its age and drying up ;
plotting of thematic maps and printing
the reports.



3 spectral channels




Images to map rectification a

OTO6PaXKEHHE BCETO CHHMKA B OKHE |



-t

ghe
Image fragment of separate forest Digital map fragment of the same

region _
forest region




N\

Ir

Area with drying f
tree

G

Pine tree, 3d=age"

B
;

o
LTV

P
5

group




acquisition and pre-processing of
spectra-zone space images;
images to map rectification;

localization and identification of heat
anomaly (like forest or peat fires) on
the land surface;

plotting of thematic maps.



Acquisition and pre-processing of
spectra-zone space images

Second spectral
space channel date
visualization

Spectral space image Color synthesized image




Localization and identification

of heat anomaly
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Localization and identification of heat
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Plotting of thematic maps
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Technology for wind transport qf
pollutants forecasting

he technology calculates the wind transp
utants released into the atmosphere as the res
tural or industrial accidents, fires, terror attacks,
ctions and others. The species can be gaseous as firm
water aerosols, smokes and ash from the fires on the
production. It could be chemical or radioactive origi
Forecast for three-five days is produced on local o
regional levels as the map of pollution ground surface
pollution species concentration, and also as the tables
diagrams with numerical characteristics of pollution
After users option the "“back trajectories” could b
calculated to determine those zones the species move
from.




Technology for wind transport of
pollutants forecasting

Hypothetic accident on Smolensk NPP (Russia), 28.04.86



Active crustal faults for control the seismic processes of the
Soligorsk mining region



Soligorsk mining region
Impact of the solid salt waste on the Earth surface state
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System of the active crustal
faults that control the seismic
processes of the Soligorsk
mining region

A - satellite image of Starobin mining
region

B - Satellite geodynamical model of
Starobin centrocline of Pripyat Trough
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Structural scheme of Soligorsk mining region
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Structural scheme of Soligorsk mining region
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Mesosphere-stratosphere-troposphere interactions

Influence of solar activity variations

2

Mesosphere
stratopause
Stratosphere
UV absorption by ozone
In situ radiative heating
ozone profile
tropopause

The#fodyamics: vertical convection,
h@8ting frorfiithe ground

Troposphere

The boundaries between the
layers (stratopause & tropopause)
originate from dynamical
equilibrium between in situ ozone
radiative heating in the
stratosphere and rival processes in
the troposphere and the
mesosphere




Areas of our current research relating to satellite systems operation and
the weather prediction:

1)Atmosphere influence on orbital dynamics of space-based systems.
2)Spaceborne remote sensing of the Earth atmosphere and surface,
including the investigation of its optical characteristics in different

spectral ranges (UV, visible, IR)

3) Climate (Global) and Mesoscale (Regional) weather prediction models
designing and validation

4)Investigation of the Ozone Layer as an important factor of stratosphere
and troposphere dynamics

5)Investigation of atmospheric NO, and aerosol components

6) Investigation of the Earth UV Climate



|. Stratosphere-Troposphere Interactions:
Dynamical anomalies in the stratospheric ozone field

Local anomalies — synoptic-scale deviations in the total ozone content (TOC)

* Local ozone anomalies are of a predominantly dynamical nature
* Their formation, evolution and decay evince subtle dynamical processes, related to
stratosphere-troposphere interactions

Example case study:
the deepest “ozone mini-hole” (negative anomaly) over Central and Eastern Europe

4c main effort:
=5 * Modelling of ozone anomalies
formation, evolution and decay

Deviations (%) | Ecarts (%), 1997/12/27 Available data:
F o RIE 1. Ozone satellite observations (global
S~ coverage)
= . : 2. Ground-based ozone observations
1 = (points)
G ,:"f ' 3. Model-based reanalysis (assimilation
el S a of satellite and/or ground-based
4 k; 4 observations in a numerical model)
M Lol | .
g i €

Environment Canada, compiled from observational data



Ozone anomalies modelling

» Aim: to simulate with high spatial resolution dynamical and radiative processes
in all the troposphere and the stratosphere and lower mesosphere

* For that purpose, a modified WRF-Chem modelling system is used, which is
based on the state-of-the-art, fully nonhydrostatic mesoscale atmospheric model

Weather Research & Forecasting (WRF)
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Structure of the 1997-1998 local ozone anomaly (mini-hole)

*cross-section b |sobar|c surfaces (from 2to 6 0 mbar) on 12 UTC Dec 31, 1997
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Structure of the 1997-1998 local ozone anomaly (mini-hole)

* vertical cross-section and vertical profile, on 12 UTC Dec 31, 1997
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ll. Mesosphere-stratosphere interactions
Influence of solar activity

* In the second part of the study, it is planned to use a global modelling system (e.g.,
CAM-CESM with SD-WACCM physics and chemistry parameterization) to perform
simulations with the whole mesosphere, stratosphere and troposphere.

» Modelling will be carried out aiming to investigate in detail the processes of
mesosphere-stratosphere interactions, influence of stratospheric ozone distribution on the
stratopause height patterns and mesospheric parameters.

« Special attention will also be paid to the influence of solar activity. While it is still a
planned work for the second phase of this study, some results from various statistical
analysis of the connection between solar proton events and total ozone content
fluctuations were already obtained in the NOMREC BSU in the course of a previous project

Solar activity (proton events) influence on stratospheric ozone

« An impact of solar activity (e.g. proton
65 events) on the upper layers of the
] atmosphere is propagated to
_._Tocdevation Mesosphere and lower layers via several
from minimum . . 5
saaywingow  different mechanisms, ozone mechanism
smoothing being one of the most important

*TOC field have been shown to oscillate for
several days after a solar proton event occurs

40 Days
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Belarusian State University - the leading
educatignal center.in Belarus, founded in

October 30, 1921
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1 November 1921,1?;56 stuentsartd tending classes in its
three faculties: labor, medical and social sciences. Only 14
professors and 25 candidates of sciences (Ph.D) were among first

lecturers.
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20 faculties and educational institutes % ¢
lyceum i
college

@ 3 scientific-experimental stations
j?‘* 3 museums

4 scientific-research institutes

115 scientific-research laboratories
25 scientific centers

10 unitary enterprises
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University staff.

8680 staff members, including:

2 2477 lecturers

2 1900 researchers and research engineers

Lecturers:

, 6 academicians qof the National Academy of
Science of Belarus

» 7 corresponding member of the National
Academy of Science of Belarus

» 291 dactors of science

» 1350 candidates of science



Participation of BSU in USSR,
Russia and mternatlonal space

Mir project (USSR) ™ -
Venera project (USSR)

Buran-

Energia
project
(USSR)

International Space Station



Photaspectralsystem «®E€C>,
2000 = today (ISS)

Desighed to research reflected
emission spectrum from underlying terrain
and to obtain visible photographic image on
board
ISS -1 - ISS -24 (experiment «YparaH»).




POTOCNEKTPAABHAR CUCTEMA +CC

(cosaaHa HAUMNPI um. A.H.CeB4eHko bIr'Y no koHTpakTy ¢ PKK «QHeprusn)

NPEeAHA3HA4YeHA AASl TIPOBEAEHUS USMEPEHUH
CNEeKTPOB OTPUXKEHHOIO U3AYHEHUA MOACTUACIOLLLUX
=l OBEPXHOCTEMN B AMANA30HE AAUMH BOAH OT 350 A0

1050 HM
U hoTON306pPaXKEHUI B BUAUMOM AUAMCA3OHE AAUH BOAH HA
Poccumckom cermeHTe MeXAyHAOPOAHOU KOCMUYECKOU
CTOHUMUK B

(3KCnepuMEeHTAAbHAS OTPABGOTKA HA3EeMHO-

KOCMMUYECKOMU CUCTEMbI MOHUTOPUHIA U NPOrHO3d PA3BUTUS MPUPOAHBIX U TEXHOTE€HHbIX
KaTacTpodd)

B uoae, aBsrycte OAO PKK «DHeprusn 6biAM NPOBEAEHbI AETHO-KOCMUYECKHUE
ucnbiTaHua PCC. LLeAblo 3TUX UCNbITAHUMK ObiAQ NpoBepKa paboTocnoco6HocTu PCC u
OTPABGOTKA PA3AUYHBIX PEXMMOB CbEMKU KOCMOHABTOM B PAOMKAX

KOCMUYECKOro 3KCNEePUMEHTA (YpPAraH.

POAOP Ink RACKEGHAD ANe LEROPUO, C 6opTa PC MKC kocmoHaBTamu A.A. CKBOPLLOBbIM
U P.H. KOPYUXMHBIM B XOAE NEPBbIX BKAIOYEHUI HOY4YHOW ANNApaTypbl
®CC NoAy4eHbl NepBble Pe3yAbTATbl CbEMOK 3€MHOM NOBEPXHOCTM.
Ha OCHOBAHMM NOAYYEHHbIX PE3YAbTATOB MPOBEAEH AHAAU3 PAGOTbI
annapaTtypbl PCC B PA3AUHHBIX PEXUMAX.

14 nioaa 2010 r. GbIA NPOBEAEH TPEXYPOBHEBbIN

NOACNYTHUKOBbIA 3KCMEPUMEHT NO CbeMKAM 06bekTa «KoAbLeBas
CTPYKTYpa»n (06BAAOBAHHOE NECHAHbIM KOAbBLLOM 03€pO B
Ffomeabckou o6aacTu, PB).




BAOK BHEWHUX AATHIMKOB BBA

Hay4YHou annapaTypsbl "PoTon-Ffamma"

AAS 3KCcnepumeHTa "Moauuna-famma™
paspaboTrka HUNMNPIM um. A.H.Ces4yeHko bIry coemectHo ¢ USMUPAH)
TpaHCcNOpPTHLIM Kopabaem «lporpeccy

BBA B okTa6pe 2010 r. AOCTABAEH
Ha 6opT PC MKC.

16 cbeBpansa 2011 r. poccMUCKUE KOCMOHABTbI AMUTPUK
KoHApaTbeB

un OAer CKpUNoYvKka BO BpeMs BbIXOAQ

_ . B OTKPbITbIM KOCMOC YCTAHOBUAU BBA

¢ § HA BHELWHEeW NOBEPXHOCTU MOAYAS (3BE3AAN POCCUUCKOTO
(g CermeHTa _ .

= & MeXAYHAPOAHOU KOCMUYECKOU CTAHLLUM.
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Main aims:

® To develop it into authorized center in the fields of GIS
technologies and monitoring (ESRI, ERDAS, Leika products);

e Providing the process of training specialists in remote
sensing data reception and processing with educational
programs;

e Receiving and processing of remote sensing data;

e Working within the Belarusian Earth remote sensing
space system corporate network;

e Development new scientific experiments and equipments.



REMOTE SENSING

Development Development Recelving
Ground station new methods and processing
- equipments and software of remote
Educational and sensing data
methodical
support for the
Z Universities
=
- Development
< Aerospace —
@ courses
=1 J
a Aergspace
training
| courses
Experimental data
Development Development Development and telemetry
and launching new scientific new scientific processing and
microsatellie experiments equipments analyzing

UNIVERSITY MICROSATELLITE




Girennmel

Station

Ground station
for university
satellite control
and radio-band
data reception
(based on radio

station Kenwood
TM-D710A)

Ground station
for university
satellite control
and radio-band
data reception
(based on radio
station ICOM ID)

Ground station
for L-band data
reception from
university and
remote sensing
satellites

Ground station
for X-band data
reception from
university and
remote sensing
satellites
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Control of acquisition and data recording to a PC hard disc

Preliminary processing of science mission data, telemetry,

remote sensing data

Fund of science mission data, telemetry, space images

Secondary thematic processing of science mission data,

telemetry, remote sensing data

Thematic End-product
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2008 r. — BSU aerospace educational center
was opened.

2009 - new specialization “Satellite
information systems and technologies” was
opened.

2010 - new speciality "Aerospace radio
electronics and information systems and
technologies”.



BSU University microsatellite will be intended for
solving applied, scientific and educational issues as well
as training students of BSU and other universities in
control methods of spacecrafts and information

processing out of space.

The project will be developed in collaboration with
the Universities and the Institutes of Russia, Ukraine and

Europe.
H;‘j.hf The main purpose of the experiment is study of
g & interaction of the atmospere, jonospere and

1 magnetosphere of the Earth by means of the orbital
detectors.









