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The systematic complex conirol of the geophysical pa-
ramelers on a global scale — the monitoring of the state of land, world ocean
and atmosphere, as well as the dynamics of these parameters state is one of the
most actual tasks of modern geophysical science and practice. The periodical
measurement of these parameters — temperature of the surface ocean layer,
wind velocity in the atmospheric layer closest to the water surface, cloud co-
ver characteristics, precipitation intensity, vertical temperature profiles, heat
flow at the “ocean-atmosphere” boundary etc., are of vital importance to the
modern development of geophysics, geography, geology, oceanology, hydro-
logy, meteorology, ecology and climatology. The study of this diversity of
parameters, moreover with the necessary accurateness, scale, expressness and
operativencss may be accomplished only by the use of remote sensing space
methods and technical means.

The major goal of the International Scientific Complex Project (ISCP)
“Priroda” [1] is namely to obtain data about the geophysical parameters with
high accuracy, reliability and space resolution. In if, there participate Arme-
nia, Bulgaria, Germany, Italy, Poland, Russia, USA, Slovakia, France,
Chechia and Switzerland.

Twotendencies may be outlined in the scientific program of the “Pridoda”
ISCP: fundamental studies and studies having application character. The fun-
damental orientation is characteristic of the scientific experiments aimed at
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studying the cloudiness field, the temperature field of the world ocean surface,
the large-scale circulations of the atmoesphere, the ocean-atmosphere interac-
tionn etc. The application character is typical of the experiments related with
the ecologic monitoring of atmosphere, -water and land pollulion.

The Scientific Equipment Complex (S8EC) by which the above mentioned
scientific program is accomplished is mounted on board of the “Priroda” mo-
dule, specialized for remote sensing geophysical studies, which is joined to
the “Mir” orbital station (figs. | and 2). The “Priroda” SEC comprises cquip-
ment and systems for remote sensing working in the visible, infrared and su-
perhighfrequency range of the electromagnetic spectrum.

A major equipment in the “Pridoda” SEC is the superhighfrequency scan-
ning twopotarization radiometric system R-400 aimed at the measurement of
amplitude and space disiribution of the own radiothermal emission of the
earth's surface in the microwave range. This system has been designed, deve-
loped and implemented in the Space Research Institute of the Bulgarian Aca-
demy of Sciences.

The data cblained by the R-400 radiometric system provide information
about {he space distribution of some geophysical paramelers: land surface
layer. humidity, water surface layer temperature, precipitation zone, glaciers

48




b IKAR  KeNTAVR  IKAR kA IKAR
RP-225

Fig2

Fig. 2. Scheme of the “Priroda” module

age and floating ices distribution in the polar regions etc. The collective pro-
cessing of the data obtained by R-400 and the oiher equipment and systems,
constituting the “Priroda” modile allow for the solution of a number of scienti-
fic-application problems related with the development of a global ecologic
monitoring of the Earth.

Structure and principles of operation of R-400

The electrical block scheme of R-400 is outlined i fig.
3 [3]. The major blocks are: / — scanning two polarization antenna, 2 — su-
perhighfrequency (SHF) block, 8 — lowfrequency block, ¢ — scanning anten-
na control block, & — radiometric system control block, 6 — secondary power-
supplying source. Naturally, these are incorporated blocks, each one of them
comprising several subblocks.

The own radiation of the studied natural objects is received by a scanning
two polarization antenna. The movement of the antenna orientation diagram
is a reversive one — in one direction of scanning the horizontal polarization
of the earth’s surface own radiothermal emission component is measured and
in the other direction — its vertical polarization (fig. 4). Besides, the radio-
metric system’s control block gets information about the momentary position
of the aperture of the scanning antenna orientation diagram with respect to
the examined territory, The SHF signal at the output of the scanning antenna
corresponds to the adopted horizontal and vertical components of the mea-
sured radiothermal field. This signal is modulated by an adequate low frequen-
cy. At the output of the SHF block the received two polarizations of the ra-
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Fig. 4. Scheme of the reversive scanning implementation

diothermal field arrive in succession. In the receiver’s mixer the irequency
transformation of the received signals is performed after which they are am-
plified by intermediate frequency, quadratically detected and amplified by
the low frequency preamplifier. This signal enters the low frequency block
where it is synchronously filtered, amplified and synchronously delected. At
the output of the low frequency block the information signal is obtained which
is proportional to the horizontal and vertical componenis of the measured ra-
diothermal emission.

A reference calibration tract is provided for regisiration of the radiomet-
ric receiver gain coelficient fluctuation. The information there obtained enters
the algorithm for transformation of the outputl signals from the radiometric
receiver into the physical quantity radiobrightness temperature by which the
level of 1he own thermal emissionofthe examined objects on the earlh’s surface.

The blocks controlling the scanning antenna and fhe radiometric system
form the cyclogram of the radiometer’s work and the commands for control-
ling the eleciric motor of the scanning antenna.
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The described principle of operation of R-400 is made possible thanks to
a genuine solution [4, 5] with which for the first time simultaneously with the
polarization amplitude components of the measured radiothermal ficld informa-
tion is obtained about the space coordinates of the objects from the earth’s
surface that emit them.

Construction

Constructionally, the superhighfrequency iwopolariza-
tion radiometric system R-400 is constifuted by three separate blocks:

—- anienna system;

— electronic block:

— connective waveconducting section,

The antenna system is mounted on the outer surface of the “Priroda™ mo-
dule and works in the outer space. It consists of an antenna mirror, an irra-
diator, a scanning electric motor, a flange and a flexible waveconductor. The
antenna mirror has a spherical form, it is made of aluminium sheet with thick-
ness of 3 mm and is attached to the body of the “Priroda” module by the fiange.
On it, the scanning electric motor is mounted, too. Within the flange, the fle-
xible connective waveconducting section is located by which the SHF con-
nection with the electronic block located within the “Priroda” module is esta-
blished. The electric connection between the anteniia system and the electro-
nic block is effected by two couplings.

The outer appearance of the antenna system of R-400 is shown on fig. 5.

Constructionally, the electronic block represents a parallelepiped box
made up of duraluminium alloy with black anoded outer covering. All SHF
elements and electronic boards are mounted on a carrying plate. On the front
plate of the electronic block there are 6 couplings by which the electrical con-
nection with the business systems of the space station is accomplished.

The outer appearance of the electronic block of R-400 is shown on fig. 6.

Fig. 5. Outline of the antenna system of R-400
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Fig. 6. Outline of the electronic block of R-4040

Major technical and exploitation characteris-

tics of R-400

1. Working wavelength
2. Fluctuation sensitivity
3. Dynamics of the measured radio-
brightness femperature
4. Widlh of the antenna orientation
diagram at level 3 oB
5. Angle of scanning
8. Angle of measurement with respect
{o nadir
7. Scope of viewing al orbit height
H=300 km
8. Duration of one image line alt orbit
height H==300 km
9., Number of pixels in one scanning line
18, Power supply:
— voltage
~- power consumption
11, Dimensions:
—- scanning antenna
- electronic blocks
12. Total mass
13. Temperature:
— for the antenna system
- fot {he electronic block
14. Pressure:
— for the antenna system
— for the electronic block
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Scientific problems solved by the data
obtained from R-400

Using the data from the SHF twopolarization radiomet-
ric system R-400 problems from the following four groups can be solved: land
surface study, ocean study, atmospheric studies and ecological studies,

I. Land surface study:
1.1, Snow cover state control and parameters determination.
1.2, Study of the soil cover characleristics.
1.3. Study of the vegetation cover characlierisijes.
I.4. Study of lhe basins of big rivers and inner water calchments,
1.5, Mapping of the carth surface in different regions of the eleciro-
magnetic spectrum for the purposes of geology.
2. Ocean study: :
2.1, Moniloring of ihe large scale ocean surface temperature field
of particular aquatories.
2.2. Working off of methods for determination of wind velocity and
direction and wind turbufence characleristics,
2.3, Study of the ocean proccsses by radiophysical methods.
2.4, Study of the ocean-atmosphere inferaclion and their influence
on the inner continental processes.
2.5. Study of the ice cover,
3. Atmospheric studies:
3.1. Study of the large scale atmospheric processes above the oceans
on the grounds of the watercontent field analysis,
3.2. Study of the ocean and the atmosphere in the tropical zone.
3.3. Development of the fundamental remote sensing studies of
the “atmosphere-surface” system,
4. Ecological studies:
4.1. Study of the natural complexes in the regions with ecological
catastrophies.
4.2. Study of the influence of urbanization and prodiiction activily
on vegetation and woodcovers,
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CBpBXBUCOKOUCCTOTHA JIBVIIOJSA PU3ALHOHHA
paguomeTpuuna cuctema P-400 na Gopaa ua
monyna ,llpuposa* B cbcTaBa nHa OpPOUTARHHS
KOMILIEKC ,,Mup*

Todop Haswpexu, leopeu Humumpos, Hoasdap Jlesues,
Tapo Mapdupocsu, Xpucmo Hpodaros

{(Pezwome)

CraTnara € NOCBETEHa HA CBPDHXBUCOKOUECTOTHATE JARY-
NoAApU3alnoaHa pajHomeTpruda cucrema P-400, paspaboreda B MucrutyTa 32
kocMuuecks uscneanabnda, BAH. Tlokasano e npefia3iayeHHeTo Ha TA3H CHCTe-
Ma 34 M3IMEepBAalC HA T‘eOC})HSHQHH HapaMETpH ¥ MACTOTC ¥ B KOMILAEKCA Hayulia
anapaTypa HA CHeUHAMNINPAHHS 33 AHCTAHUWOHHH H3CAeABaHud mMoaya ,Ilpu-
poAa“, CTHKOBaH KhM opdutafnata crasuudsg ,Mup".

Haxpatko u B Raf-06i1 BHA Ca ONMUCAHH YCTPOHCTBOTO M NPHHUKIBT HA AHS
CTBHe 1ia pajucmerprunata cucreMa P-400. Jajenu ca W HAKOH KOHCTPYKTHBHH
napaMeTp¥ H OCHOBHHTE TeXHUKC-eKCNJA0ATAUHOHRH XapAaKTEPHCTHKH Ha CHCTe-
mara. Ma6poety ca ¥ HayuHHTE 3ajaud, pellaBaiy ¢ NOMOLITA Ha JlaHHWTE, NOJY-
garanu o7 P-400.
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