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The "Meteor" Experimental Space Meteorological System
I. M. Andronov, N. N. Sheremet'yevskiy (USSR)
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and Peaceful Uses of Outer Space, Vienna,

August 14-27, 1968 , £

Introduction

In April, 1967, in Geheva, nearly 300 scholars from 129
countries discussed the plan, "World-Wide Weather Service", at the
Congress of the World'Meteorological Organization, On the basis
of this plan, the problem of employing automatic meteorological
artificial satellites in the World-Wide Weather Service was es-

-tablished as the subsequent development of the existing inter-

national collaboration of national meteorological services. Such
artificial earth Satellites, fitted out with appropriate eguip-
ment, will form the national metecrological space system.

The role and influence of satellite-acquired meteorological
information is great, since it is ptactically impossible to organ-
ize systematical meteorological observations on the water areas
of seas and oceans; in inaccessible regions, at high altitudes
and in the polar regions of our planet.

In order for an artificial earth satellite to meet the re-
quirements of space meteorological observatories, it must be
fitted out with photographic equipment capable of capturing a
sufficiently wide portion of the earth's surface, haveée.a re- -
solution capability of several square kilometsrs, and able to |
provide sufficient contrast. It is necessary to further determine
the temperature of the underlying surface, the limits of the
upper and lower boundaries. of the clouds, humidity of the air,
pressure, zones of heavy péé;lpatatlon in order to obtain clocud
characteristics. |

Meteorological satellites can be divided into two basic



classes, depending upon the meteorological instruments they are
equipped with and the complexity of their data acquisition and
"transmission facility: the ISZ (artificial eartb satellite), which
is designed to fulfill a specific mission, for example -- only
photography, and the space observatory class of satellites, de-
signed to carry out a number of different missions,

SPécialized satellites used for limited data acquisition
are relatively simple as far as their onboard arrangement is con-
cerned, but their ground stations for control, reception and pro-
cessing of data are considerably more conplex,

Satellite observatcries, designed for a multifunction pur-
pose, are more complex both in their composition of meteorological
data acquisition instrumentation and in the intracacy of their on-
board system designed to simplify the functions of the ground con-
trol complex. |

In June, 1967, in the USSR, a TASS comnunique announced the
creation of the Soviet experimental meteorological system, "Meteor.,"
In the course of more than a year, the "Meteor" system, which is
comprised of several satellites, has consistently and very suc-
cessfully made possible the acquisition of information from the
entire globe'of the planet Earth, This meteorological informa-
tion reflects cloud distribution, anticyclones, typhoons, temper-
ature of the underlying surface, warm radiation from separate'areas
of the globe, and much other data characterizing the geophysical
condition of near space. | | .

A vast amount of scientific research and experimental engi-
neering work in developing individual units of metecorological
satellites, as well as in solving the technical problems facing
a meteorological observatory, preceded the creation of the Soviet
m;teorological system, "Meteor."

The satellite, "Kosmos-14", placed into orbit on 13 April,
1963, with an apogee of approximately 500 kilometers from earth



and at a 49° angle of orbital plane, and the satellite, "Kosmos-
23", placed into orbit in the same year, on 15 December, with &
490 jinclination of orbital plane and 600-kilometer apogee, were g
the first satellites on which experiments were conducted.. Ex-
perimental research to develop systems of orientation and stabili-
zation for the body of the satellite was conducted on these satel-
lite laboratories, where the reliability of the design for ex-
posing the antennas was checked, the packs of solar batteries were
tested, the efficiency of the sun-earth reference sensors, tempera-
ture-measuring systems and the technical facilities for tempera-
ture control were also carefully examined. The efficiency of the
servomechanisms, used with electric machines functioning in a
weightless environment, as well as the influence of electromagnetic
wave radiation on the various systems, was also checked on these
satellites. |

The results of this experimental resecarch served as the basis
£or creating "Kosmos-122", orbited on 25 &une, 1966, 625 kilometers
from the earth and with an orbital inclination of 65°. On "Kosmos-
122", the complex layout of television, actinometrical, and infra-
red apparatus for meteorological use had already been set up and
tested and the first data pertaining to cloud distribution, snow
and ice cover, together with the temperature of the earth's sur-
face and upper boundaries of clouds; as well as thermal and energy
parameters of the cloud cover and underlying surface was being re-
ceived. The first glébal phenoména'-- typhoons "Alice", "Cora" and
"Grace"--- were recorded by this satellite, both by television in
the visible portion of the spectrum, and by'infra-red phOtography
.received from the earth's shadow side. The long period of time f
"Kosmos-122" was in existence, as well as its active life, made it
possible to prepare‘and carry out the launchings of a number of
satellites: "Kosmos-144" was launched on 28 February, "Kosmos-
156" on 27 April, "Kosmos-184" on 28 October, 1967, and "Kosmos-
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206" on 14 March, 1968, all of which made up the experimental
space meteorological system, "Meteor." These meteorological
satellites, the first in the USSk, were placed in a circular,
near-polar orbit at 81.2° inclination and at an altitude of 625-
630 kilometers. A near~polar orbit at this inclination made it
possible. to receive information concerning cloudiness from regions
making up eight per cent and data on radiation flux from nearly
20 per cent of the earth!s surface, from each satellite in only
one orbit about the earth.

A circular orbit is very necessary for meteorological satel-
lites, since the meteorological data.registered is easily unified
during this type of motion, thereby facilitating its processinyg.

Each satellite of the "Meteor" system is an automatic-ad-
justing earth satellite, the mission of which is to receive and
transmit three types of meteorological data to earth: video ”
pictures in visible and infra-red spectrums and multiband radia-
zional measurements of cloud-cover and the underlying surface.
The meteorological data indicated can be acquired both during the
course of the entire orbit and in cycles, making it possible to
select certain areas for data acquisition.

Meteorological data acquired from any given area of the
earth's surface and which is taken aboard the satellite is stored
in special memory units. The meteorological processes should be
traced in their dynamics; in order to de this, an exact geographi-
cal and time control tie for meteorological information is re-
quired. |

Enumerated requirements imposed upon data received from the
satellite determined the necessity of solving the following -
problems: | :

1) orientation of receiver and transmitter units of the
meteorological apparatus located on earth and determination of
their angular attitude at the moment meteorological data is .-



recorded; .

2) insuring the required intake of electrical energy during
the varying cycles of operation of the scientific and space-borne
servicing apparatus, in orbits having varying inclination in re-
lation to the solar rays:

'3) support of the specified temperature condition during the
different lengths of time the satellite remains in the earth's
shadow and during those periods when there is a variation in the
release of heat by the spaé¢eé-borne. apparatus which works in cycles;

4) program centrol of the apparatus for recording and trans-
mitting meteorological information to earth, |

The functions listed for control of the satellite are worked
out, accordingly, by an automated system which orients thée hull of a
space vehicle with the meteorological apparatus; by a space-borne
power plant, consisting of solar batteries and storage cells; and
by a temperature control system and onboard program-time device.

The System for Orienting the Beody of the Space Vehicle

The meteorological satellite's orientation system insures the
continuous and precise attitude of the vehichle relative to its ::
orbit, in such a manner that the sensitive devices of the meteoro-
logical apparatus are always oriented toward the earth. This per-
mits uninterrupted rec¢ording of weather conditions over the lane
of orbit; adoption of simple epparatus working on the principle
of continuous scanning of the earth's surface and reduction ofithe
demand on the apparatus with photographic frame exposure. In
addition to that, the pin-point precision with which the orienta-
tion must be accomplished facilitates the determination of angﬁ-
lar attitude of the apparatus during the geographical control tie
of the meteorological information. ‘

The satellite's orientation system is a control system and



does not require the intrusion of ground-located computer systems
fo monitor its operation. This makes the satellite's exploitation
considerably easier. : :

‘ The orientation system's logic specifies the automatic
change of work schedules during damping, during the search for
reference points and exit into the established mode of stabili-
zation, which also makes easier the satellite's exploitation.

The orientation system is electromechanical in nature., 1Its
executive elements are three electric motor flywheels., A direction
finder with an infra-red horizéon of the earth and course sensor is
used as quick—reéponse sensors for the angular attitude of the
apparatus. -

For initial damping and releasing of “the kinetic movement
stored up by the motor flywheels in the process of orbital motion,
electrical magnets are used, which interact with the earth's
magnetic pole.

In creating the system for orienting the éatellite, a series
of problems had to be solved, which had to do with the dynamics
of motion of the: apparatus relative to its center of mass. The
satellite's dynamics are further complicated by the presence of
large solar batteries, which, when they fotate, alter the inertia
characteristics of the apparatus and cause moments of great ex-
ternal disturbance, - ,

The selection of the control principle, which insures a small
a small power demand in the stabilization schedule, is an all-
impbrtant problem in those systems using electromechanical con-
trol devices. In the meteorological satellite'’s orientation
system, impulse control of the motors and flywheels was adopted,
which made it possible to obtain a high degree of precision in
orientation, with a'very short period in which the motors and fly~
wheels were switched on. Along with those measures adopted for
reducing power demand for those instruments and devices which were



continuously switched on, this made it possible to create an ori-
entation system having a very high power characteristics (nearly
ten per cent of the power of the onboard power plant),

The problem of high reliability during the longnlife of the
apparatus is solved through the simplification of the system's
logic and functional structure, the selection of a more efficient
layout for the various instruments and devices, and by the adoption
of a reserve for all the system's different elements and the use
in the system of the methods of functional reserve, which insure
the satellite's longibity.

The Space-Borne Power Plant

The space-borne power plant (BEU) provides the electric power
for the satellite's scientific and service apparatus. The irregu-
larity of the inflow of electric energy, specifiéd by the change
in the plane of orbit in relation to the sun's rays is a feature -
of the BEU's (power plant) function. In addition, the potential
infl <7 of electfic power changes in the course of one orbit to
another, since the satellite's apparatus is exposed to the sun in
part of its orbit and is shaded by the earth in the other part of
its orbit. Moreover, the period of time the apparatus is located
in the illuminated portion of the orbit determines the greatest
opportunity for power intake per revolution of the satellite in
orbit, which is changed through precession of the orbit and annual
movement of the earth from maximun magnitude, at which time the
satellite is under continuous illumination during its orbit, to
the minimum magnitude, when the orbital plane is parallel to the
sun's rays.

On the other hand, the space-borne power plant should insure
constancy of voltage output of the.onboard power supply net during
the various programming operations; that_is, during time variant



requirements for electrical energy on the part of the onboard in-
stallations. ‘

In other words, the task of the space-borne power plant (BEU) 5
consists in supporfing the onboard power supbiy net,fwithin ac--.
cepted limits, even when the most unfavorable combinations of
intake and consumption of electric power exist. It is natural
that the pericdicity of solar energy requires power storage cells
in the BEU complex. They should have enough minimum capécity to
insure a power balance on board the satellite, even under the most
unfavorable circumstances.

In order to get the most effective use out of solar energy,
the solar batteries must be continuously oriented toward the sun,
At the same time, however, the drivé for the solar batteries,
which causes the batteries to rotate in two planes, must be used
in this instance. This complicates the kinematics and apparatus
of the drive devices and, as a consequence, increases the weight
of the power mechanism and reduces its reliability. A monoaxial .
system for homing the solar batteries on the sun was adopted on
the satellite, The solar battery panels, which are made of sili-
con elements, are inclired &t an angle to the vertical axis of the
apparatus and revolve around this axis, being oriented to the sun.
This arrangement for homing in the solar battéries insured minimum
weight in the BEU, while retaining maximum effeciency in its opera-
tion.and in the use of the solar energy converters.,

~ The soi.ar battery drive consists of a photoelectric solar
sensor, an eliectronic logic device, and a drive mechanism for
turning the sclar batteries.

The regulator for the onboard power net, whichk is part of
the BEU assembly, controls the current power state of the storage
cells, monitors the programming of the scientific and servicing
devices and, in conjunction with this, regulates the inflow of
electric energy from the solar silicon elements for recharging




the storage cells.,

The Meteorological Apparatus
. L

The artificial earth satellite's television apparatus (TV)
makes frame exposures of cloudiness and underlying surface by means
of two cameras. The TV cameras are designed in such a way that at
an altitude of 600-700 kilometers the width of the belt captured
on £ilm is about 1000 kilometers, while the three-dimensional re-
solution of the pictures was equal to 1.25 x 1,25 kilometers.

Infra~-red (IK) apparatus is sensitized to radiation currents,
"in the window of transparency” of the atmosphere, of 8-12 microns
and can function on both the bright and dark sides of the earth.
This is a scanner-type apparatus, having a temperature sensitivity
of 2-30 during absolute temperatures and 7-8° during negative
temperatures. The three-dimensional resolution ¢€ the IK (infra-
red) apparatus is 15 x 15 kilometers, while the area of the zone .
covered by the photography is on the order of 1000 kilometers.

The actinometrical apparatus (AK) includes two scanning
narrow-sector instruments and two non-scanning wide-sector in-
struments, which have a field of vision that takes in the entire
disk of the earth visible from the satellite's altitude.

One of the narrow-sector instruments measures the intensity
of the discharge emissions in a spectral diapason of 0.3-3 microns:
the second instrument measures in a spectral diapason of 3-30
micfons, when scanning in the opposite direction.

In defining the parameters of the narrow-sector AK instru-
ments, it was given the task of receiving measurements suitable
for joint analysis with ground observations and to make a more
precise defirition of the analysis of TV and infra-red pictures.

Based on the density of the existing net of meteorological
stations, the three-dimensional resolution of these instruments
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was made equal to 50 x 50 kilometers. The working angle of their
scanning amounts to *60°, which insures a zone of coverage on the
earth's surface equal to 2500 kilometers.

Information from meteorological apparatus is only valuable
in those instances when it is simultaneously tied in by area and
by time. The system just described provides great accuracy in the
geographical contrcl tie of information,

Analyesis of material acquiﬁed from observations received from
satellites making up the "Meteor" experimental meteovrological
system revealed that peculiarities crop up in the structure of
cloud fields that would be impossible to observe from the ground
network of meteorological stations. Regular meteorological data
received from stably oriented satellites furnished synoptics with
additional data on weather genesis in process over various portions

of the earth's surface.

The Space-Borne Programming and Timer Device

The mission of the onboard programming and timer device
(BPVU) consists of programming control of the cyclic nature of
the vperation of the self-recording onboard apparatus, for the
purpose of acquiring more valuable meteorological data, and pro-
gramming control of the drive apparatus for transmitting this
information to ground-located devices, with a minimum expendi-
ture of time in radio communications. The second task of the
BPVU (onboard prcogramming and timer device) is to synchronize
the movement cf all self-recording and memory-storage devices,

~located on board the satellite,.which insure a time and, con-
sequently, a geographical control tie of all meteorological in-
formation., | . |

The BPVU lays out a set of'programs'iﬁsuring both maximum
continuous and selective acquisition of weather data in - - -

-
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conjunction with the missions of the weather service in fore-

casting the weather for the immediate period. The selection of

the required set of programs is carried out on command from earth,

after which these programs are automatically corrected by the

BPVU, in conjunction with the power and heat status of the apparatus,
The synchronization of the movement of the self-recording

and memory devices of the onboard apparatus is accomplished from

a single power source of highly stable frequency. The necéssary

range of pulses for each aparatus is shaped in the computer of the

BPVU and is altered to conform with the programming of the apparatus.

The “"Meteor" System

In the absence of automatic space stations designed to ful-
£fill a specific purpose and having a limited life period which
allows for acquisition of only limited information from the satel-
lite, the meteorological satellites of the "Meteor" system are
effective automatic observatories, having an uninterrupted opera-
tion, while orbiting the earth, of all their functional and scien-
tific-meteorological systens,

A "Meteor" system satellite is connected with a network of
ground stations of the command and data acquisition complex.

These stations are spread out ét great distances from each other
and connected together by a community of control} recording, pro-
cessing and transmission of information. This command and data -
acquisition complex'carries out continuous radio control of the
orbit, transmits appropriate commands to the satellite, acquifes,
. records and stores all television actinometrical and infra-red
data, processes and transmits it to correspondlng meteorological
points which forecast the weather.

The "Meteor" weather system makes it possible to conduct a
survey of the earth's surface;fﬁé@ﬁQ‘meteordlogiéal apparatus for



specified intervals of time. When two of "Meteor's" artificial
earth satellites are in operation at the same time on near-
polar orbits and in suitable diff~rence of independent variables
of longitudes of ascending nodes, meteorological data can be re-
ceived from half the earth's surface in a 24-hour period,

When several satellites are in operation at the same time;
that task of controlling them, as well as the system as a whole,
is conéiderably complicated.

The complexity of the missions carried out by the system re-
quires the use of electronic computers which make an operational
analysis of telemetric information containing both meteorological
data and information mertaining to the space~borne apparatus,

Some Results of Exploitation
Of Artificial Earth Satellites
Placed into Service in the "Meteor" System

The many months the "Meteor" system's satellites have been
in use have proved their reliablity. ,

The reliable function of the solar battery drive, which has
bearings that work under conditions of space, come in for special
notice. : | |

The operation cf all the components making up the electro-
mechanical system responsible for the pin-point orientation of
vehicle itself -- an operation that lasted many months -- must
also be noted. | S -

The television apparatus, with which all of "Meteor's"
satellites were equipped, and which made the frame exposures,

= possess sufficiently good resoluticn capability, permitting

identificztion of cloud formations several kilometers in size.
The sensitivity of the television cameras mounted on the éatel—
lites to contrasts of brightness between clouds and the under-
lying surface allows for clear-cut contours of cloudiness and
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individual clouds as well,

Imagery of cloud formations on the shadow side is a¢quired
. by means of infra-red apparatus. The receiver of this apparatus
is sensitive to heat radiation in that region of the earth's
infra-red radiation, which freely filters through the atmosphere,
thereby making it possible to use infra-red apparatus to determine
the temperature of the earth and its clouds.

Experiments have shown that measured heat radiation is not
distorted by solar radiation and therefore can be used for de-
tecting cloudiness and measuring the temperature of the under-
lying surface, not only at night, but also during the day.

In the "Meteor" meteorological system, solar radiation, the
heat emission from the earth and atmosphere are measured by several
radiometers, which makes it possible to compute the temperature of
continents, seas, oceans and cloud cover.

First and foremost is the problem of further development of
meteorological apparatus which will make it possible to measure
the vertical temperature profile of the atmosphere. |

The computer mounted in the "Meteor" system's satellites
for processing and analyzing data, so the vast amount of in-
formation that would normally be transmitted to earth can be re-
duced, commands special interest.
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| General view cf the satellite "Kosmos-l44", of the
; : "Meteor" system:

l-drive mechanism for orienting the solar batteries;
2-solar battery panels: 3-orbital control apparatus;
L 4-antennas; 5-television camera; 6-magnetic sensor;
: 7-receiver for actinometrical apparatus; 8-receiver

' f - for infra-red apparatus.
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positions of the orbits of -"Kosmos-
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