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L. SYMPOSIUM ON UTILIZATION OF MICRO- AND SMALL SATELLITES FOR THE
EXPANSION OF LOW-COST SPACE ACTIVITIES

A. Use of Small Satellite Technology in Developing Countries

In view of the growing interest in the subject of small satellites, the International Academy of
Astronautic (IAA) established in 1993, the Subcommittee on Small Satellites for Developing Nations.
The Subcommittee considers small satellites to be a driving force for developing countries to initiate
a space programme, train their personnel and develop their research and technological infrastructures.
In most developing nations, at least two categories of needs for small and micro-satellite systems can
be identified. The first group may be classified as direct needs, and relates to social and economical
problems which may be addressed through various applications of space technology. The second group
may be classified as indirect needs and deals with attaining the condition of taking full advantage of
a country’s investments in acquisition of space systems and services.

Direct needs can be further classified by geographic location, types of services and products or
types of applications. Although some developing nations present some developed areas where the
needs are very similar to those of developed nations, today it is more significant to focus on problems
such as communications and monitoring of remote areas, agricultural land use and environmental
protection.

The use of Low Earth Orbit Communications (LEOCOM) systems allows many services. One
of the most interesting is the communication between a portable terminal and a normal telephone
connected to the existing fixed telecommunication network. In this case, the two users may be located
anywhere in the territory and, in particular, in remote areas or regions lacking a communications
infrastructure. Communication between two mobile users as well as between a mobile user and a user
of the fixed network system anywhere around the globe is also possible.

The use of automatic Data Collection Platforms (DCP), in conjunction with the two-way
characteristics of LEOCOM allows for the installation of a data collection network which features wide
coverage and provides real-time service. In addition, the LEOCOM system can provide the location
of any user of mobile terminals with an accuracy in the hundred meter range. The LEOCOM mobile
terminal can also be coupled to a facsimile machine for the transmission of graphical data. In this
regard, for instance, it allows a user to send a facsimile of an electrocardiogram in the case of a
medical emergency in a remote area.

Telemedicine is an application which will increase efficiency of medical services by allowing the
transmission of information obtained by inexpensive and simple sensors directly to complex processing
units in large medical centres where it might be interpreted by specialized physicians. This makes it
possible for powerful and effective emergency services to reach poor and undeveloped areas, saving
many lives and avoiding unnecessary displacement of patients. The Healthsat project is a very good
example of a telemedicine application using a 60 kg micro-satellite in low Earth orbit (LEO) to relay
medical data information between Nigeria and North America. Mobile communications may also play
an important role in the case of natural disasters, allowing for help to reach the disaster victims earlier
and providing logistic support to rescue teams.

Many developing nations have had an early access to the benefits of satellite remote sensing, but
still have a long way to go in order to maximize the benefits allowed by the existing capabilities.
There are, however, unique needs at both national and regional levels that demand new solutions.
Brazil and the Republic of Korea for instance, are already developing new satellite programmes to
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address their specific needs. Developing countries in Latin America, South-East Asia and in other
regions require special sensor parameters such as spectral bands, spatial resolution and time resolution.
This in turn merits an examination of the cost of images, the level of investment in ground equipment,
and the expertise required for utilization.

As a consequence of the relative lack of space science studies in the southern hemisphere, several
natural phenomena that occur in the upper atmosphere in the tropical and southern hemisphere zones
are not adequately understood. This concems, for example, the ionospheric plasma depletions which
occur over South America and strongly interfere with radio communications as well as the South
Atlantic Anomaly which is well known for the occurrence of energetic particles stemming from the
inner radiation belt and causing severe damage to, or even complete destruction of, satellite
instrumentation. Therefore, it seems highly advisable that developing countries that are located in the
southern hemisphere and, in particular, in the tropical zone, join the global effort towards improving
the knowledge of their own space environment. Many such countries have been engaged in
astrophysical studies (particularly of the sky regions which are not observable from the northern
hemisphere) in the past few decades and small satellites would be an important means of
complementing these ground-based studies.

Cooperative space activities are often supported by some kind of technology transfer. A
successful technology transfer in the development of a small satellite project implies a process by
which a team acquires sufficient momentum to be able to produce the next generation of small
satellites. There are several mechanisms whereby technology transfer can be achieved, but to be
successful, the transfer should be a transfer of understanding, not the transfer of a technology package
(know-why as well as know-how). Examples of programmes where engineers from developing
countries are trained on small satellite design, production and operations are numerous. The University
of Surrey of the United Kingdom has, for example provided such assistance in the development of
small satellites weighing less than 100 kg to Chile, Pakistan and the Republic of Korea, as well as to
small countries in Europe that have decided to initiate a space programme.

There are several ways to obtain launch access for small satellites, either on a purely commercial
basis or through participation in international cooperative agreements. A country may also consider
developing its own launch capability. A driving force in pursuing this approach is the lack of available
low cost launchers and an inability for the country to meet their launch requirements on a timely basis
if the country views access to space as critical to their national development. Acquisition of launch
services from international commercial sources is sometimes preferable to cooperative arrangements,
due to difficulties in finding an appropriate exchange opportunity. In particular, countries seeking their
first launch may find a commercial acquisition the most effective route open to them.

Cooperative missions may be considered when a clear programmatic benefit is shared by more
than one country with a mutual desire to maximize their unique national resources and available
funding. Intemnational cooperative agreements vary from mission to mission and country to country.
Most require a particular country to assume full financial and technical responsibility for its portion
of the cooperative effort. In general, in the event of such a division of labor, clean and distinct
managerial and technical interfaces should be detailed in such agreements.

B. Example of Cooperative Microsatellite Projects
Microsatellites UoSAT 3 and 5, KITSAT 1 and 2 and PoSAT 1 provide examples of the use of

a microsatellite platform for collaborative space science research between the University of Surrey
(United Kingdom), the Korea Advanced Institute of Science and Technology (KAIST) and Portuguese
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research institutions. A small payload monitors the near-Earth radiation environment and provides an
important opportunity to validate ground-based numerical models with flight data yielding
simultaneous measurements of the radiation environment and its effects upon on-board systems.

The University of Surrey has pioneered microsatellite technologies since beginning its UoSAT
programme in 1979. The need to accommodate a variety of payload customers within a standard
Ariane Structure for Auxiliary Payloads (ASAP) launcher envelope, coupled with increased demands
on packing density, economy of manufacture and ease of integration, catalyzed the development of
a novel modular design of a multi-mission platform. It is based around a series of standard module
trays which house the electronic circuits and themselves form the mechanical structure onto which
solar arrays are mounted. Electronically, the microsatellite uses modemn, sophisticated (but not
necessarily space-proven), electronic circuits to provide a high degree of capability. These are
underpinned by space-proven subsystems resulting in a layered architecture that achieves redundancy
by using alternative technologies rather than by simple duplication.

Communications and Earth observation payloads require an Earth-pointing platform. Therefore,
the microsatellite is maintained to within two degrees of the center of the Earth line by employing a
combination of gravity-gradient stabilization (using a six meter boom) and closed-loop active damping
using electromagnets operated by the on-board computer. Attitude determination is provided by Sun,
Earth horizon, star field, and geomagnetic field sensors, while orbital position is determined by an on-
board Global Positioning System (GPS) receiver. Electrical power is generated by four body-mounted
Germanium Arsenic (GaAs) solar array panels (each generating around 35W) and is stored in a 7Ah
NiCd rechargeable battery. Communications are supported by VHF up links and UHF down links,
capable of transferring several hundred kBytes of data to brief-case sized communications terminals.

Various constellations of small satellites in LEO have been proposed to provide world-wide
communications using only hand-held portable terminals which broadly fall into two main categories:
real-time voice and data services and non-real-time data transfer. The close proximity of the satellites
in LEO to the user and the consequent reduction in transmission loss and delay time appear attractive
when compared to traditional communications satellites in a distant geostationary orbit. This holds out
the promise of less expensive ground terminals and regional frequency reuse. The communications
characteristics associated with a LEO constellation pose however, quite different and demanding

problems, such as varying communications path and links, high frequency shifts, and hand-over from
satellite to satellite.

Microsatellites can offer quick turn-around and inexpensive means of exploring well-focused,
small-scale scientific objectives (e.g. monitoring the spacer radiation environment, updating the
international geomagnetic reference field. etc.) or providing early proof-of-concept prior to the
development of large-scale instrumentation in a manner, fully complementary to expensive, long-
gestation, large-scale space science missions. The UoSAT missions have demonstrated that it is
possible to progress from concept through to launch and orbital operation within 12 months and a
budget of $4 million. This not only yields early scientific data, but also provides opportunities for
young scientists and engineers to gain "real-life" experience of satellite and payload engineering and
to be able to initiate a programme of research, propose and build an instrument, and retrieve space
data for analysis and presentation for a thesis within a normal period of postgraduate study.

Conventional Earth observation and remote sensing satellite missions are extremely costly -
typically over $200 million each. The development of high-density two-dimensional semi-conductor
charged coupled device (CCD) optical detectors, coupled with low-power consumption
microprocessors, presents a new opportunity for remote sensing using inexpensive satellites. Clearly,
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the limited mass, volume, stability and optics of microsatellites cannot compete with traditional large-
scale missions such as Landsat, SPOT and ERS. However, for medium resolution and meteorological-
scale imaging, the KITSAT and PoSAT satellites have demonstrated a comparable facility but at a tiny
fraction of the cost. This is attractive for developing nations in particular that are interested in
possessing an independent remote sensing facility under their direct control at a very modest cost, even
if the resolution is limited.

The latest PoOSAT 1 microsatellite carries two independent cameras providing a wide-field ground
resolutions of 2 kilometers for meteorological imaging and a narrow-field ground resolution of 200
meters for environmental monitoring with 650 nanometers optical filters providing good separation
of arid/vegetation and land/sea boundaries. The future mini-satellites of this series will support Earth
imaging cameras yielding better than 100 meter resolution with three spectral bands.

Microsatellites also provide an attractive and low-cost means of demonstrating, verifying and
evaluating new technologies or services in a realistic orbital environment and within acceptable risks
prior to commitment to a full-scale, expensive mission. Examples of this opportunity include new solar
cell technologies, modern Very Large Scale Integration (VLSI) devices in space radiation as well as
demonstrations of advanced communications. Because satellites depend upon the performance of solar
cell arrays for the production of primary power to support on-board housekeeping systems and
payloads, knowledge of the long-term behavior of different types of cells in the radiation environment
is essential. Unfortunately, ground-based, short-term radiation susceptibility testing does not necessarily
yield accurate data and hence there is a real need for evaluation in an extended realistic orbital
environment. This can be accomplished easily and cheaply on-board microsatellites.

Although microsatellites are physically very small, they are nevertheless complex and exhibit
virtually all the characteristics of a large satellite. This makes them particularly suitable as a focus for
the education and training of scientists and engineers by providing a means for direct, hands-on
experience in all stages and aspects (both technical and managerial) of a real satellite mission - from
design, construction, testing and launch to orbital operation. The very low cost, rapid time frame and
manageable proportions makes this approach very attractive to countries wishing to develop and
establish a national expertise in space technology. In this connection, according to the experience of
the University of Surrey, collaborative education programmes typically have the following elements:
academic education (MSc., PhD degrees), on-the-job training on a real microsatellite mission,
cooperation on establishing and operating ground stations with participating countries, and finally the
necessary technology transfer (design license).

C. Small Satellite Projects in Latin America

A small satellite project in Argentina, Scientific Application Satellite B (SAC-B), is being
prepared in cooperation with the United States. The main purpose of the project is to design a satellite
with a scientific payload to advance the study of solar physics and astrophysics. The mass of the
satellite is about 180 kg with an expected active lifetime of a minimum of three years. It will have
a circular orbit at 550 kilometers that has an inclination of 38 degrees. On-board experiments include
an examination of energetic particles and radiation from solar flares, the localization of sources of
intense transient emissions of gamma ray radiation, the monitoring of galactic and extragalactic X-Ray
diffuse background and examination of energetic neutral atoms in radiation belts (in cooperation with
Italy). The launching of this satellite is scheduled for 1996. A new generation of satellites designed

for scientific research and remote sensing, SAC-C and SAC-D, is being prepared for launch in 1999
through 2006.
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In Brazil, great significance is attached to the collection of data from remote platforms using
space technology. The Brazilian Complete Space Mission (MECB) successfully started in February
1993 by the launch of the Satelite de Coleta de Dados (SCD 1) satellite. It is a small 105 kg spinning
satellite for collection and distribution of environmental data acquired by data collecting platforms
distributed over Brazilian territory, mainly in the Amazona region. The satellite has remained
operational for two years after its expected useful life (1 year). At least two similar satellites will be
launched to ensure continuity of the mission. In addition, the improved SCD 3 satellite (200 kg) would
have the mission of proving the concept of voice and data communications in the equatorial region.

The Equatorial Communicator (ECO-8) study is funded mainly by the Brazilian government. A
system of 8 satellites in equatorial orbit at 2,000 kilometers altitude can provide constant coverage of
regions up to 30 degrees on both sides of the equator. It is intended for voice communications between
mobile terminals or between a mobile and a fixed terminal. It can also provide a real-time,
uninterrupted dissemination of data collected by automatic platforms located anywhere in this
equatorial belt. ECO-8 would require no communication links between satellites and allow for at least
200 simultaneous connections. The Equatorial Constellation Communication Organization (ECCO) is
planned for the implementation and operation of wide area personal communications (including
cellular-quality voice, data and fax) to rural and remote areas in the equatorial region. The ECCO
system, scheduled to begin full operation in the first quarter of 1998, will consist of 12 satellites
(including one spare). It will reach over 100 countries in Latin America, South Asia, Africa and the
Middle East. This would mean that more than 35 percent of the total land mass and more than 40
percent of the world’s population would be covered by this system.

The first Brazilian microsatellite for scientific application, SACI-1, should be launched in October
1997 as a piggyback to the China-Brazil Earth Resources satellite (CBERS). The payload of SACI-1
is composed of four scientific experiments - measurement of Earth air glow emissions, measurement
of the anomalous cosmic radiation fluxes, investigation of plasma bubbles and investigation of the
geomagnetic field effect on charged particles. The ground segment should consist of two receiving
stations in Brazil and users ground data collecting stations. A cost effective LAN PC-based tracking
and control system will be implemented and scientific data as well as payload on-board configuration
will be distributed through the Internet in order to decentralize and facilitate the interfacing between
the payload and its customers.

In Chile, the first operational satellite will be FASat-Bravo, developed in cooperation with the
University of Surrey. This 46 kg microsatellite would be put into circular orbit at 650 kilometers with
an inclination of 82.5 degrees in August 1996. It will carry ozone layer monitoring experiment, a data
transfer experiment, an experimental Earth imaging system and other equipment, including an
educational experiment. Using the communications link provided by the satellite, students will be able
to engage in study activities (orbital mechanics, satellite communications analysis, telemetry analysis
etc.) one or two days per month. In fact, a similar microsatellite, FASat-Alpha, was launched into
orbit as a piggyback to the Sich-1 satellite on-board a Tsiklon booster on 31 August 1995. The object
separated normally from the booster, but the microsatellite failed to separate from Sich. The problem
with the pyrotechnic device is now being studied to assure its proper functioning next time.

D. Microsatellite Project of the Republic of Korea

The Satellite Research Center of the Korea Advanced Institute of Science and Technology
(KAIST) began its programme to develop space technology with the launch of two scientific and
experimental microsatellites KITSAT 1 and 2 in 1992/93. An agreement worth $4.6 million was signed
in 1990 by KAIST with the University of Surrey, covering training, two microsatellites and a ground
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station. Students took the university MSc courses in Satellite Communications and Spacecraft
Engineering. The second microsatellite was build in Korea, using the experience gained during the
preparation of the first microsatellite in the United Kingdom. Through this first step into space, the
KAIST has trained many engineers and scientists and successfully acquired microsatellite systems
technologies.

Currently, KAIST is involved in designing its new indigenous satellite KITSAT 3 to enhance the
capabilities of the previous two microsatellites. A primary objective of this programme is to develop
a microsatellite system which has highly accurate attitude control and high speed data transmission.
It shall also provide hands-on experience to Korean space industries and research institutes. KITSAT
3 will carry a remote sensing multispectral pushbroom CCD camera and several space science
experiments. The remote sensing payload will be able to monitor environmental disasters such as
floods, volcanic eruption and earthquake damage in the Asia-Pacific Region. The space science
experiments should measure the distribution of highly energetic particles in Earth radiation belts and
geomagnetic field intensity around the mission orbit and also monitor the total dose of radiation
encountered by the solid state memory device.

The total mass of the KITSAT 3 microsatellite will be less than 100 kg and the dimensions of
the main box-like body are approximately 45 cm by 45 cm by 60 cm. The satellite consists of a sensor
platform, a payload platform, a reaction control unit, a bus platform and a battery with adaptor. The
GaAs solar cells are expected to generate more than 100 watts when fully illuminated and not to be
degraded by more than 30 percent after three years of mission life. There are three solar panels; two
of which are deployable (unlike the first two microsatellites), while the third is fixed on the main
body. The attitude control system uses reaction wheels and enhanced magnetorques to achieve full 3-
axis stabilization.

The KITSAT 3 is expected to be launched into heliosynchronous polar orbit with an altitude of
about 800 km in the middle of 1997. An engineering model will be completely manufactured and
tested by the end of April 1996. It also includes a qualification test for the launcher which should also
be selected this year. Future planned missions in Korea include the development of the advanced small
satellite KITSAT 4, based on KITSAT 3 architecture. This small satellite of a 300 kg should include
a new 5 meter resolution linear CCD camera system and a demonstration of a hybrid propulsion
system.

-

E. Microsatellite Project of the Republic of South Africa

In South Africa, the SUNSAT microsatellite project was started in 1992 to increase engineering
design opportunities for graduate students and to increase industrial and international interaction with
the Stellenbosch University. The microsatellite has the mass of 60 kg and is basically box-shaped with
dimensions 45 cm by 45 cm by 60 cm and should provide satellite images of cultivated fields, natural
vegetation and pollution around the globe. It shall also include an electronic mailbox orbiting Earth
to receive and deliver messages; speech and data relay experiments to schools; a unique method of
training graduate students; and research in satellite engineering. SUNSAT should be launched by a
United States Delta launcher in March 1997 into polar orbit at 450 to 850 kilometers (originally,
heliosynchronous circular orbit had been envisioned), together with the Danish magnetospheric
research satellite Oersted. SUNSAT will also carry the GPS navigational receiver of the National
Aeronautic and Space Administration (NASA) of the United States, and a set of laser reflectors for
precise positioning experiments.
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The SUNSAT microsatellite was developed by about 28 graduate students who designed and built
most of the electronics and about haif of the mechanics, with the assistance of technical personnel of
the Engineering Faculty (technical drawings, printed circuit board layout and manufacturing of the
body structure). Solar panels are located on all four sides of the satellite and can deliver 140 watts of
power to rechargeable NiCd batteries. Attitude determination is made by horizon, Sun and star sensors
as well as by a magnetometer. Orientation control is provided by reaction wheels, magnetorquers and
a gravity gradient boom. A high resolution camera can image the Earth in three colours and stereo.
Its spatial resolution is 20 meters from 800 kilometers altitude.

F. Small Satellite Projects in Spain

Spain was one of the first countries to develop its own satellite. On 15 November 1974, a United
States Delta launcher put into orbit, the INTASAT satellite weighing about 25 kg with a 45 cm
diameter, corresponding to what is now called a microsatellite system. This technological satellite
measured space radiation and, using its solar batteries, functioned in a 1450 km orbit for a full two
years. Unfortunately, there was no immediate continuation of this successful project and Spain got
involved in larger scale projects (communications satellites of the HISPASAT series and participation
in ESA projects). It was only on 7 July 1995 that a second Spanish microsatellite UPM-Sat 1 was
launched by an Ariane 4 rocket into a 650 kilometer circular heliosynchronous orbit. It was developed
at the Universidad Politécnica in Madrid and has a mass of 47 kg.

UPM-Sat continues experiments started twenty years ago by INTASAT and its development has
strengthened cooperation between academic and industrial entities in the country. There are plans for
the launching of satellite UPM-Sat 2 (nicknamed MATIAS, for Mediciones Atmosféricas,
Telecomunicationes, Ingenieria y Aplicaciones de los Satélites) in 1998. The main purpose of this
satellite is to investigate atmospheric pollution and provide for data collection and transmission.
Another project, Vehicle for Education of the Network of Universities in Space (VENUS) is currently
being negotiated with several interested universities in Europe and Latin America. It could be realized
under the UPM-Sat 3 series of satellites.

Another Spanish space project, MINISAT, was entrusted to Instituto National de Técnica
Aerospacial (INTA), by the Spanish Inter-ministerial Commission for Science and Technology
(CICYT) in 1992. Modular satellites of 180 to 500 kg mass (depending on the number of modules
used) would be launched by Pegasus airborne launchers starting in 1996. The first satellite MINISAT
01 will consist of the basic platform and will be used for scientific research (monitoring of the
diffusion of extreme ultraviolet radiation in the atmosphere, detection of low-energetic gamma
radiation and materials science). Satellite MINISAT 1 will be an upgraded version, equipped for
remote sensing observations. MINISAT 2 will use the basic platform to provide long-distance
communications even from the geostationary orbit. In addition, INTA has been recently involved in
the programme NanoSat, aimed at the development of a 20 kg microsatellite for communication with

the Spain’s scientific base Juan Carlos I in Antarctica. The project was initiated in 1995 and targeted
for satellite launch in 1998.

G. Small Satellite Projects in Central Europe

A small scientific sub-satellite MAGION 4 was launched on 3 August 1995 together with the
INTERBALL 1 "mother" satellite. MAGION 4 separated from the mother satellite after reaching the
planned orbit (apogee 191,907 kilometers, perigee 793 kilometers, inclination 63.0 degrees). The
satellite has a mass of 60 kg and was developed by the Institute of Atmospheric Physics (Czech
Republic), the Technical University Graz (Austria) and the Space Research Institute (Russian
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Federation). Its scientific payload is aimed at the study of geomagnetic field, wave phenomena and
plasma parameters of the ionosphere in frame of the INTERBALL space project. Simultaneous
measurements from two satellites, which move along practically the same orbit at a relatively small
distance from each other, allow for temporal and spatial resolution of the observed phenomena.

During the initial period of about two months after launch, the spatial orientation of the orbit
enabled study of the magnetopause and bow-shock regions, while from October 1995 to January 1996,
the satellite orbit was in the region of geomagnetic tail. On 9 January 1996, the distance between the
two spacecraft reached 43.5 minutes along the orbit (MAGION 4 crossed "the same" region of space
43.5 minutes earlier). The MAGION 4 on-board thruster (using pressurized gas designated also for
reorientation of the spin axis to the Sun) changed the orbit several times in January-February 1996,
so that both satellites should again be close together in May 1996. The ability to control the separation
distance is important for the study of fine structures of the magnetopause, bow-shock and solar wind
plasma. Similar twin satellites should be launched into the geomagnetic polar region as part of the
INTERBALL project in July 1996.

The Central European Satellite for Advanced Research (CESAR) is a spacecraft of about 300 kg
that will fly in orbit with a 400 kilometers perigee, 1000 kilometers apogee and 70 degree inclination.
The scientific mission is related to the study of the magnetosphere, ionosphere and thermosphere
(MIT) environment. Ten different experiments, provided by scientists from Austria, Czech Republic,
Hungary, Poland and Slovakia will be accommodated on-board the spacecraft which is funded by the
Italian Space Agency, ASI, and designed by Alenia Spazio. This mission is one of the objectives of
the cooperation among the countries of the Central European Initiative (CEI).

A feasibility study for CESAR has been started and a detailed technical study funded by ASI will
be conducted by Alenia Spazio concerning the spacecraft’s system engineering. The participating
countries will develop the experiments they are responsible for and will collaborate with each other
regarding on-board accommodations for the experiments.

The nominal mission lifetime will be two years which will allow a sufficient period of
observation of the complex MIT phenomena. The evolution of the initial orbit will be determined by
natural perturbations since no propulsion capability is provided on-board. The once-per-orbit perigee-
apogee excursion, combined with the slow procession of the orbital plane with respect to the Sun and
the Earth, will provide the payload with complete sampling of the near-Earth environment between
400 and 1000 kilometers and +70 degrees latitude in all conditions of illumination over the lifetime
of the mission.

The spacecraft should be launched by direct injection into its required orbit by a small launcher
(either an improved Scout or Pegasus). Deployment of the solar array and S-band antennas will
follow separation. The spacecraft will be attitude stabilized by spinning around a sun-pointing axis
with a rate of 4 rpm. The spin rate will provide the experiments with a fast scan and sampling of the
environment surrounding the spacecraft. Boom mounted experiments will be deployed after attitude
acquisition. About one month of spacecraft commissioning and experiment calibration will follow.
After the nominal operation of the satellite has been certified, the science mission will be carried out
for the following two years.

The present configuration foresees a mass budget of about 151 kg of service module and 95 kg
of payload module for an operative launch configuration mass of 246 kg. A mass margin of 20
percent is accounted for in the next phase of the project to take into account increases that will surface
during the development process. The spacecraft is expected to be completed before the end of 1997
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for a launch at the beginning of 1998. CESAR will be the first spacecraft of a series that will also
include a second spacecraft currently in preparation, the Joint Ultra Violet Night Sky Observer
(JUNO), a UV astronomy satellite being developed in cooperation with NASA. A definition phase
study for JUNO is underway.

H. French Small Satellite Projects

A working group on small satellites was created by the Centre National d’Etudes Spatiales,
France (CNES) at the end of 1993 to propose recommendations for the development of a series of
small satellites complementing the SPOT system, at a cost of less than 300 million French francs per
mission and development time of two years. The recommended programme, Platforme Reconfigurable
pour I’Observation, les Télécommunications et les Usages Scientifiques (PROTEUS) is a satellite that
should have a mass less than 500 kg (including 250 kg of useful payload), available power of 100 to
300 watts and pointing accuracy of 0.1 to 3 degrees. Technological studies were performed during
1994/95, ending by the selection of industrial partners. The first flight is envisioned in 1999 as a
continuation of the successful France - United States altimetric satellite project Topex-Poséidon.
Possible orbits are at 500 to 1400 kilometers and satellite should be able to maneuver and change its
orbit with a total velocity change of 60 to 180 m/s.

Possible scientific missions using the PROTEUS platform include astronomy (project SAMBA
for registration of local fluctuations of 3K background radiation from the Big Bang and COROT for
asteroseismology), space environment (IBIZA for registration of the plasma accelerated in the
geomagnetic aurora regions), Earth sciences (TPFO, Vagsat, Irsute, Tropiques), and fundamental
physics (QUICK-STEP for verification of the equivalence of inertial and gravitational mass). From
applications missions, priority is given to radio communications and optical observations. In parallel
with the PROTEUS platform, CNES is making studies of a microsatellite with less than 100 kg of
mass. It would be used mainly as a test platform for new technological concepts.

I. Small Satellite Missions of ESA

The missions which are being considered by the Small Missions Opportunities (SMO) initiative
of the European Space Agency (ESA) may be classified by the following parameters: 150 to 500 kg
launch mass, orbit between 600 and 900 km, development time of about two years, cost of less than
40 million ECU for platform and integration, delivery on orbit, commissioning and user ground
station. This is a class of small missions which is generating a lot of interest, and where the European
industry is not yet as competitive as it is in the microsatellite field. In this regard, European industry,
through its trade association Eurospace, came to ESA with the suggestion that ESA should pool
together a sufficient number of missions, from ESA’s own programs and from those planned by
Member States. Various ESA Member States have flown, are developing or are planning small
missions. With few exceptions, these missions have involved or will involve development of a single
spacecraft. When more spacecraft are to be realized, this will happen at 3 to 4 year intervals.

The basic idea of the SMO initiative is to have a common procurement of part or all of the
following mission elements: launch, platform integration and ground segment. This approach should
achieve low cost benefits for recurrent elements of a mission, while preserving the user’s control over
the mission payload and operations. The possibility of efficiently integrating a number of different
missions on a common subset of equipment has already been demonstrated by various small satellite
programs, such as NASA’s Small Explorers. Actual contents of the SMO initiative will be defined
after an analysis of proposed mission requirements, which will be performed in the second phase of
on-going studies. At present, the launch opportunity seems to be the strongest common denominator.
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If the SMO initiative is successful, Europe will have an SMO Operator, able to deliver a
scientific or commercial payload in orbit at low cost. Because this initiative addresses a user
community with different levels of capability (some Member States have an autonomous SMO
capability, some do not), the SMO Operator will be ideally suited to fulfill the different needs of
emerging countries. Participation in the SMO initiative could take at least two forms: via another
international organization, with a mission dedicated to emerging countries, or via agreement with a
participating ESA Member State. Assuming a Member State decides this year to support the SMO
initiative, a program could start as early as 1997 and the first launch would take place towards the end
of 1999.

J. Small Satellite Technology in the United States of America

In addition to the support (technological assistance, launching arrangements) provided to
emerging space-faring nations, as described in other parts of this report, NASA has adopted its own
Small Spacecraft Technology Initiative (SSTI). This technology programme should reduce the cost and
development time of space missions for science and commercial applications. It should achieve a
payload/total mass fraction of up to 70 percent. Time from development to flight readiness should
be two years. To achieve those goals, new design and qualification methods for small spacecraft
should be demonstrated using commercial and performance-based specifications, integration of small
instrumentation technology into the satellite bus design and end-to-end product development and flight
verification. The future NASA mission capability should result in 30 to 60 percent reduction of costs
and new technology insertion into missions.

The first two satellites, named Lewis and Clark, will carry more than 30 different technology
demonstrations. Lewis will fly three instruments, including a "hyper-spectral imager" having 384
spectral bands (the operational LANDSAT satellite only has seven bands). It is designed to enhance
traditional remote sensing applications in agriculture, global environmental monitoring, forestry, land
management and industrial planning. Clark will carry four scientific payloads combining a very high
3 m resolution optical imager with stereo-imaging capabilities. This will be used for commercial
remote sensing, disaster management and urban planning. The satellites will have a mass of 272 and
317 kg respectively, from which about 70 percent accounts for the scientific payloads (in existing
satellites, it is typically 40 percent). The launch vehicle will most likely be the Pegasus-XL. The
Integrated Product Development team, which will manage the project, consists of more than 35
members from the manufacturing company, NASA centers, universities and high schools.

One of the innovative, yet not well publicized projects, is the GPS Gravity field modeling. The
first satellite to carry a precise GPS receiver was Topex/Poseidon oceanographic satellite. Its data had
been combined in a new model of the Earth gravity field which illustrated the power of this method.
To improve this model, the GPS atmospheric occultation project needs many transmitters and receivers
aloft at once, densely sampling the global atmosphere every few hours. The preliminary proposal is
for twelve satellites launched at once into a single orbit plane by 1998. Until the arrival of GPS and
low cost microsats, the evident cost of such an enterprise made it impractical within Earth science
programmes. Space borne GPS imaging will have a profound impact on ionospheric science. The
ability to image ionospheric structures continuously in three dimensions will help scientists to examine
in detail the evolution of "space weather", to trace the formation of geomagnetic storms, and perhaps
one day to predict when an observed solar flare will cause disruption on Earth.

NASA is also preparing a series of small, low-cost planetary science missions under its Discovery
programme. They are designed to provide frequent investigative opportunities (one launch every 12
to 18 months) to the planetary research community while encouraging partnerships with industry. All
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solar system targets and objectives are valid candidates for the Discovery programme, but the
spacecraft cost should be low and the launch vehicle will be limited to Delta class or smaller. A total
of 28 proposals had been received in response to the first announcement of opportunity, covering the
full range of planetary science objectives (next announcement of opportunity is to be released in May
1996). The first four missions are now fully funded, and their development is on schedule and within
cost guidelines. o

The first of the Discovery missions, called NEAR (Near Earth Asteroid Rendezvous) was
launched on 17 February 1996 towards an encounter with asteroid 433 Eros. The initial close pass
at Eros will occur on 6 February 1999 at a distance of about 500 kilometers. The spacecraft should
be then maneuvered even closer to the asteroid (below 25 kilometers) and orbit it for about one year,
making precious measurements of its characteristics. Mars Pathfinder is the second Discovery mission
planned for launch on 2 December 1996, and should land on Mars on 4 July 1997. It should
investigate the structure of the Martian atmosphere, monitor surface meteorology, observe surface
geology and measure elemental composition of the rocks and soil. The third small planetary mission,
Lunar Prospector, will be launched in June 1997. Its science objectives include a global mapping of
surface chemistry, search for the presence of ice near lunar poles, detailed investigation of magnetic
and gravity fields at high resolution and identification of possible gas release events. A comet-sample
return mission (launch in February 1999) will be the fourth Discovery flight during which Stardust
will rendezvous with comet Wild-2 in January 2004. It should return to Earth the first samples of
comet material in January 2006.

II. OTHER SCIENTIFIC AND TECHNICAL PRESENTATIONS
A. Measurements of Space Debris

The largest radar tracking facility in western Europe is at FGAN (Research Establishment for
Applied Science) at Wachtberg-Werthhoven (Germany). FGAN operates an L-band tracking and Ku-
band imaging radar using a 34 meter parabolic dish antenna. Data from this site are an important
addition to the catalogue of data in the case of re-entry predictions for high-risk space debris. ESA
has sponsored research of the feasibility of detecting and tracking medium-size debris (1 to 50
centimeters) with L-band radar. Metal spheres of 5 centimeter diameter are measured frequently -and
one meter objects are detectable in the geostationary orbit (GSO) using a multi-pulse signal processing
techniques. A one day beam park (fixed antenna position) experiment has been carried out jointly with
the Fylingdales station (United Kingdom). Hardware and software upgrades are being implemented
to enhance the detection performance of the existing Tracking and Imaging Radar (TIRA) for medium-
size debris in Low Earth Orbit (LEO). A further beam park experiment is planned in the bi-static
mode with the radiotelescope at Effelsberg. The measurements will be used to validate and improve
current environmental models. '

Regarding the debris measurement by optical telescopes, ESA will use a one-meter Zeiss
telescope which is currently being installed at the Teide Observatory on Tenerife (Canary Islands, 28.3
degrees north latitude) for other purposes. The configuration of this Ritchey-Chrétien-Coudé system
has been extensively analyzed with respect to possible changes and upgrades to enable space debris
observation and tracking. The optical system dedicated to space debris measurement will cover the
spectral range from visible to near infrared and will have a field of view of 0.6 degrees. As a detector,
a nitrogen cooled CCD camera with a mosaic of four 2048x2048 chips is under consideration. Special
methods and computer algorithms are required to extract from CCD data the orbital parameters and
other characteristics of space objects. The minimum size of detectable objects will be 2 to 6
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centimeters in LEO and 20 to 40 centimeters in GSO. The telescope should be operational for space
object observations at the beginning of 1997.

Objects moving in near-Earth space are regularly tracked and catalogued by the United States
Space Command (USSC) Space Surveillance System. This system operates more than two dozen radar
and several optical facilities to monitor near-Earth space. It also maintains a catalogue of orbital
elements of all tracked objects. The minimum diameter of observable objects is about 10 centimeter
for LEO and 1 meter for GSO. Objects in GSO are tracked mainly by the dedicated optical system
GEODSS (Geosynchronous and Deep Space Surveillance). Currently, orbits are maintained for over
8,000 objects and the USSC Catalogue is the main source of essential information for detecting
breakups and monitoring growth of the debris environment. Current surveillance systems have
difficulties in cataloguing some space objects in highly elliptical orbits (HEO) and low-inclination
orbits. Objects in HEO are more difficult to detect because they spend a large fraction of their time
at very high altitudes, and objects in low-inclination orbits because of the relative lack of sensors at
low latitudes.

In addition, a special radar located at Haystack (near Boston, Massachusetts) is capable of
detecting objects less than 1 centimeter in diameter in LEO and obtain statistical information on
number, flux, size and altitude (but not complete orbital information). There seems to be over 100,000
pieces of space debris in LEO at sizes down to 1 centimeter. The Haystack data suggest that there may
be major sources of centimeter-sized orbital debris other than previously recorded breakups. The large
number of objects in orbits between 900 and 1,000 kilometers with orbital inclinations between 60 and
70 degrees have relatively smooth and spherical shapes (according to the polarization data), rather than
the irregular shapes that would typically be created in a breakup. This combination of orbital and
physical characteristics suggests that these objects may be tens of thousands of 0.6 to 2.0 centimeter
liquid droplets of a sodium/potassium coolant leaking from the nonfunctional cores of Russian nuclear
power sources (NPS) satellites. Also NASA’s deep space tracking radar at Goldstone (California)
confirms the existence of this type of debris. This radar, capable of detecting 2 millimeter objects at
600 kilometers is only available for space debris measurements for a few hours per year.

A dedicated optical Schmidt telescope with a main mirror of 32 centimeter aperture, located at
Haleakala site (Maui, Hawaii) is able to detect 60 centimeter objects in the GSO. During 252 total
hours of observation from 1992 to 1994, it revealed that about 30 percent of objects detected by its
CCD sensor appeared to be debris. In the future, much larger liquid surface mirror telescope will be
used for observation of GSO objects. Recent new technology enables construction of the 3 meter

diameter rotating mercury mirror, equipped with a hypersensitive CCD detector and with full computer
control.

Information on particles smaller than about 1 millimeter is obtained mostly through special
detectors carried by spacecraft or through the analysis of impacts on material that has been exposed
to the space environment. For the first time, an impact detector will be placed on a geostationary
spacecraft. A spare dust detector of Galileo/Ulysses probes, developed by the Max-Planck Institute for
Nuclear Physics at Heidelberg (Germany), will be flown this year on the Russian EXPRESS 2
spacecraft. In the framework of the EUROMIR 95 project, dust and debris impact experiments are
carried out outside the MIR space station. On the external platform European Science Exposure
Facility (ESEF), a number of experimental cassettes have been installed. The cassettes have been

retrieved during the extra-vehicular activity of the cosmonauts on 8 February 1996 and returned to
Earth on 29 February 1996.
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Many European researchers have analyzed impact features on NASA’s Long Duration Exposure
Facility (LDEF) after its retrieval in January 1990, following 69 months in orbit at altitudes between
340 and 470 kilometers. Of the more than 30,000 LDEF craters visible by naked eye, 5,000 have
diameters larger than 0.5 millimeter. The largest crater (5 millimeters) was probably caused by a 1
millimeter particle. In general, it is difficult to determine the composition of an impacting particle and
therefore to distinguish between impacts of micrometeoroids and artificial space debris. The European
Retrievable Carrier (EURECA) spacecraft, launched in July 1992 was retrieved by the space shuttle
after 326 days in orbit at a mean altitude near 500 kilometers. The spacecraft has since then undergone
extensive post-flight analysis with regard to impact features. It revealed 71 impact sites on the thermal
blankets, and 14 impacts on the body plates, including the largest impact feature with 2 millimeter
crater diameter. Also EURECA’s solar arrays of 96 square meters total surface area were scanned by
different European research groups. More than 1,000 impacts were detected on the front side of each
of the two wings, while only about 44 were noticeable on the rear sides. From a total of 847 of the
larger impact sites, high resolution microphotographs were taken. The largest impact crater diameter
is 6.4 millimeters, resulting from an object of 0.5 to 1 millimeter diameter. Further analysis will
concentrate on impactor characterization (e.g. mass, direction, velocity, chemical composition) and on
hypervelocity calibration experiments conducted with the spare solar array surface material.

A similar analysis programme is also ongoing for the solar array retrieved from the Hubble Space
Telescope (HST) in December 1993, after 3.62 years in an orbit of about 600 kilometers mean
altitude. Due to the high operating altitude and extended dwell time, a larger number of impacts is
observed on its total surface area of 62 square meters. The largest hole diameter is 2 to 3 millimeters..
As the flexible HST blankets have a total thickness of 710 microns, several impacts (2 to 4 per square
meter) have completely penetrated the material. On the other hand, it appears that the HST array did
not suffer any functional damage from the many impacts. The European Space Technology Centre,
Netherlands (ESTEC) is currently developing a database to archive images and analysis results of
impact features on the EURECA and HST surfaces. Results of these analyses will be used to validate
the present reference flux models for small size meteoroids and space debris.

Examination of windows, radiator panels and other surfaces of the United States Space Shuttle
orbiters show that environmental models underestimate the microdebris population and that this
population is growing with time. While the NASA space debris damage model Bumper predicted 13
window replacements in 12 shuttle missions, the actual number of replacements was 19. The source
of actual window damage (i.e. meteoroid or debris) was determined by scanning electron microscope
analysis and compared to Bumper predictions, While micrometeoroid damage was predicted correctly
(10 actual over 11 predicted), microdebris damage is underestimated more than three times (8 actual
over 2 predicted).

B. Modelling of the Space Debris Environment and Technical Assessment

Models of the space debris population are needed to fill in gaps in existing measurement data,
to interpret new data, and to project the characteristics of the future debris environment. There are two
major classes of debris models in use today. Population characterization models take information about
the orbital elements and other characteristics of space objects and convert them into measurable
parameters such as flux, detection rate for an instrument, or collision velocity. More complex models
are used to understand the future growth in the debris population. These model types are not entirely
distinct; the output of a model of one type is often used as the input for a model of the other type.

A comparison of different space debris models with observations have been performed by a
special working group of CNES. It is a first step of a three-step programme. The second step is an
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accurate risk analysis for space missions followed by the third step, proposals for space debris
mitigation procedures. For "small" debris (below 10 centimeters), mathematical models should give
the flux of particles for calibration with observations on-board spacecraft. For a more detailed
comparison with observations, current detectors are not sufficient and a new generation of detectors
is therefore proposed. The main reference model considered by CNES for space debris population is
that of D. J. Kessler (NASA, Johnson Spaceflight Center, Houston, Texas) and for micrometeoroids,
the model of E. Griin (Max-Planck Institute, Germany). The main inputs are the size of particles,
altitude, inclination and date. Main outputs of these models are: the flux in orbit (number of impacts
per square meter per year), consisting of micrometeoroids flux, debris flux and total flux. The total
number of impacts also depends of course on the duration of the mission and the effective area of the
spacecraft involved.

For comparison with models, the following data have been used: from the FRECOPA experiment
(5.7 years in orbit) on the LDEF satellite, from the ARAGATZ mission (1 year in orbit) on the Mir
space station, from the analysis of solar panels (11 months in orbit) of the EURECA platform and
from the solar panel (3.6 years in orbit) of the HST observatory. The method of analysis consists of
localization of the impacts, identification of the particle nature (debris or micrometeoroids), and
conversion from the diameter of the crater to the size of the particle. Finally, the number of impacts
as a function of particle diameter and histogram of frequencies (number of impacts per diameter class)
led to the estimation of the cumulative flux which can be compared with model prediction.

In general, good accordance between model predictions and measurements has been found. There
are some discrepancies for small particles of 10 to 100 micrometer in size as well as a slight
underestimate of the model for the Mir station orbit. To improve the data sources, a new generation
of detectors is prepared with low mass and energy consumption, but enabling estimation of
instantaneous (not only cumulative) flux. The on-board recording of the time of impacts is also
important for estimation of debris environment evolution as a function of time. Mock-ups of the new
detectors are now tested in hypervelocity chamber and in a short time, new detectors should be
available for use in different orbits (on Mir and SPOT 4 spacecraft).

Unique debris hazards associated with the proposed satellite constellations have been studied by
the United Kingdom. A satellite constellation is a distributed architecture of satellites to provide global
positioning, Earth observation, hand-held personal communications, messaging or data transfer. There
are proposals for a large number of new systems, which means that over 1000 new satellites will be
placed into high inclination orbits at altitudes between 700 and 800 kilometers and 1200 to 1400
kilometers within 4 to 6 years. Among the most advanced projects, the communication satellite
constellation Iridium should consist of 77 satellites, Teledesic of 924, Globalstar of 48, Orbcomm of

26, etc. Realization of such projects will result in concentrations of satellite mass at certain regions
of space around Earth. '

To keep the constellation operational, frequent satellite replacement launches are envisioned.
During the launch and deployment phase, there are usual problems associated with the explosion of
launch vehicles or explosion and collision with fragments from un-passivated upper stage or with some
non-tracked object. In addition, there is a possibility of collision with other satellites being deployed.
At the operational orbit, additional hazards include collisions with uncontrolled constellation satellites,
fragments from constellation satellite breakups or from launch vehicle breakups. Also de-orbiting of

non-operational satellites should be planned so as to avoid collision with other satellites in the
constellation.
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The probability of collisions with debris within the constellation was modelled using different
assumptions on the number of orbital planes and frequency of catastrophic collision breakups and
explosion-induced breakups. It was found that there is a low probability of short-term collision
cascading effect, but a high probability of cascades with background debris population. A careful
selection of operational practices will be needed to guarantee long-term functioning of the proposed
satellite constellations.

To acquire an unbiased technical assessment of the research needed to better understand the
debris environment, the necessity and means of protecting spacecraft against the debris environment,
and potential methods of reducing the debris hazard, NASA asked the National Research Council to
form an international committee to examine the orbital debris issue. The committee was asked to draw
upon available data and analyses to: (i) characterize the current debris environment; (ii) project how
this environment might change in the absence of new measures to alleviate debris proliferation; (jii)
examine on-going alleviation activities; (iv) explore measures to address the problem; and (v) develop
recommendations on technical methods to address the problems of debris proliferation.

In the summer of 1993, the National Research Council formed a committee of eleven technical
experts from six spacefaring nations to perform this task. In 1995, a report "Orbital Debris - A
Technical Assessment" was published, representing the consensus view of the committee. The
committee strove to ensure that the study focused on technical issues. This report does not suggest
appropriate funding levels for future debris research, nor propose specific protective measures for
particular spacecraft, nor lay out detailed implementation strategies for techniques to contain the future
debris hazard. Decisions on such matters involve political and economic as well as technical
considerations and must be made by entities capable of weighing all these factors. Rather, this report
seeks to provide engineers, scientists, and policy makers with the sound technical information and
advice upon which such decisions must be based.

C. The Use of Nuclear Power Sources in Quter Space

A numerical analysis related to possible collisions of NPS with space debris has been performed
by the Russian Federation. The following contingencies have been examined in particular: destruction
of the NPS structure, change of orbital parameters of NPS after collision, its entry into the atmosphere,
and possible atmospheric destruction and fallout of radioactive toxic material particles and parts of the
NPS structure. Collisions with space debris have been considered for reactors launched in the period
1970 - 1988 and injected into orbits within the 700 to 1000 altitude range. A typical reactor has a
mass of 1250 kg, a diameter of 1.3 meters and a length of 5.7 meters incorporating fuel rod assembly
and radiation shield. A fuel-element assembly of 53 kg contains 37 fuel rods, each with steel cladding,
fuel pin of uranium-molybdenum alloy and axial reflectors of beryllium.

‘Collisions with space debris capable of considerable or catastrophic (e.g. 10 percent of mass) NPS
damage down to small fragments and particles or creation of such velocity impulse that could lead to
substantial change of orbital parameters and untimely re-entry from initial orbit were considered. For
typical NPS orbits (altitude 930 to 970 kilometers, inclination of 65 degrees), the most probable
relative velocity of collision is about 12 kilometers per second at an angle of collision of 108 degrees.
Estimated probabilities of collision with space debris larger than 0.5 centimeters were computed for
250 years into the future using model distribution of debris as of 1994 and corresponding to the
present rate of spacecraft launchings. The probability of collision is sufficiently high and reaches 1
in 55 years. For space debris more than 2 centimeters in diameter (capable of considerable NPS
destruction), the collision probability should be lower and is subject to further computations.
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Research on aerodynamic destruction of NPS and the fuel rod assembly during their descent into
the atmosphere after collision at the initial re-entry trajectory (altitude 160 kilometers) has confirmed,
that the NPS structure destructs in a range of altitude between 74 and 64 kilometers, the reactor and
fuel rod assembly between 64 and 50 kilometers and reactor fuel pins (uranium - molybdenum alloy)
down to particle dimensions of less than 1 millimeter in the range between 50 and 47 kilometers. Only
partial destruction of the beryllium axial reflectors (melting of the external layer) occurs.

The fallout of millimeter size nuclear fuel particles, allowing for uranium fission product decay
at the moment of collision, will not lead to a significant change in the radiation levels over the fall-out
territory. The fall of beryllium reflector parts and partially failed radiation shield of lithium hydride
may constitute a threat from the point of view of toxicity, which will prompt search and clean-up
(removal) measures. The set of measures on the prediction of NPS re-entry orbital parameters, region
of re-entry into dense layers of the atmosphere, territory of the fall-out of radioactive particles and
NPS structure parts were developed by the Russian Federation earlier. They may be used in the event
of detection of the collision between NPS and space debris. Similarly, inspection and control of
radiation situation procedures on the fall-out territory, search, location and removal of fallen parts were
applied in connection with NPS reactor launchings.

In the United Kingdom, studies continued on possible supplements to the Principles relevant to
the use of nuclear power sources in outer space, adopted by the General Assembly on 14 December
1992. While this Resolution includes valuable consensus agreements on topics such as consultation,
assistance to States affected by an accident, liability and compensation it suffers from a number of
limitations. Among these are the exclusion of propulsion and extra-terrestrial bases; their formulation
in terms of particular technologies; ignoring the potential effects of space debris; and inconsistencies
with the more mature safety principles developed for the terrestrial applications of nuclear power.
Therefore, a revision is suggested which generalizes the intentions embodied in Resolution 47/68 in
a way which is consistent with subsequent international developments under the aegis of the
International Commission on Radiological Protection (ICRP) and IAEA. The revision takes the form
of six Supplementary Principles incorporating developments in probabilistic risk assessment, safety
culture and radiological protection together with the recognition of the importance of safeguards.
Subject to a consensus being reached on these Supplementary Principles and their associated numerical
risk values (A/AC.105/C.1/L.203), this opens the way to eliminating the need for exceptions so that
the revised principles are of universal applicability.

D. Remote Sensing Applications for Global Mapping and Environmental Monitoring

With the successful design, development, launch and in-orbit performance of the first generation
of the Indian remote sensing satellite IRS, India is surging ahead to provide improved and enhanced
data services from the second generation of remote sensing satellites, IRS-1C and 1D. IRS-1C,
launched on 6 December 1995, is characterized by an improved spatial resolution, extended spectral
bands, stereo viewing and faster re-visit capability. Besides cartographlc applications, the IRS-1C
mission mainly addresses the following areas:

- Crops and vegetation applications with specific reference to mixed crops and vegetation
discrimination;

- Oceanographic applications, in particular observations of physical oceanographic parameters such
as winds, sea surface temperature, waves, etc., and biological parameters;
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- Atmospheric applications for monitoring global changes such as the depletion of the ozone layer
over the Antarctic region.

The major elements of the IRS-1C mission, besides the spacecraft itself, are the Space Craft
Control Centre, the Payload Data Reception Stations and the Data Products Generation Centre. IRS-1C
operates in a circular, heliosynchronous, near polar orbit with an inclination of 98.69 degrees, at an
altitude of 817 km in the descending node. IRS-1C needs approximately 100 minutes to orbit Earth,
which means that the satellite completes 14 orbits each day. The entire surface of Earth is covered
after 341 orbits during a 24 days cycle.

IRS-1C carries three imaging sensors which are characterized by enhanced resolution. The
Panchromatic camera (PAN) has a spatial resolution of 5.8 meters, operates in the spectral range of
0.5 to 0.75 micrometers and employs three CCD devices of 4096 elements each. A multispectral
Linear Imaging Self-Scanner (LISS-3) camera provides images with a spatial resolution of 23 m. This
camera is also capable of producing images in the near infrared band (1.55 - 1.70 micrometers wave
length). The Two-Band-Wide Field-Sensor (WiFS) operates in the visible and near-infrared region with
a swath width of 810 km and resolution 190 meters.

Space research activities in Morocco, related to remote sensing and environmental monitoring,
are characterized by an active, realistic and long-term policy at both the national level (coordination,
information, training and project formulation) and the international level (participation in forums,
international committees and bilateral and multilateral projects). The use of outer space in Morocco
is becoming ever more developed, extensive and diversified.

With regard to satellite data, stations are currently in operation to receive METEOSAT weather
satellite data, such as the National Department of Meteorology (DMN) station. There are plans to set
up two NOAA stations, one for meteorological studies at the DMN and the other at the Royal Centre
for Spaceborne Remote Sensing (CRTS) for receiving advanced very high resolution radiometer
(AVHRR) data. This station is to be set up within the framework of the GLOVE project, which is co-
financed by the European Union.

In the fields of data exchange and remote sensing networks, CRTS is coordinating Moroccan
efforts to set up the Cooperation Information Network (COPINE) project launched by the United
Nations Office for Outer Space Affairs. This project aims to establish satellite communication stations
(INTELSAT) in a number of African countries enabling them to exchange data with each other and
with European countries, particularly in the areas of the environment, natural resources and tele-
medicine. The opening up of rural areas is a facet of the project of particular interest to national users.

A number of projects combining spaceborne remote sensing and geographic information systems
(GIS) are in the process of development or implementation. These projects are designed to meet needs
in the areas of natural resource inventory and management, environmental protection and town and
country planning within the context of national and regional development programmes.

In the area of on-going training, CRTS has continued organizing short (one-week) and longer
(two-week) courses to provide an introduction into the basic principles of spaceborne remote sensing,
geographic information systems, and applications in areas of particular interest to the Kingdom of
Morocco and the region. These courses, especially those relating to water resources, desertification,
common grazing land and the management of fishery resources, are regularly attended by African
participants in positions of responsibility.
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GEOSPACE, a company located in Austria, is currently conducting a global mapping project to
produce a digital atlas of the world. This global satellite image mapping project aims at developing
a global geographic information system, which is easy to use, cost-effective and easily accessible for
frequent updates. Studies are performed at the local, regional and international level.

The global mapping project, in particular has arisen due to recent regional and global
environmental and economic changes, such as increasing pollution of land and water, dramatic
population growth and changing consumption patterns. Such a project would be an essential
contribution to sustainable development and the preservation of the environment. The project shall also
play a vital role in the overall process of homogenizing spaceborne data, which would tremendously
facilitate the timely provision of satellite derived information on the environment and natural resources.

The main benefits to be obtained through the global mapping project will be the availability of
a cost-effective high resolution global geographic information system. Funding for the project shall
be provided by national, regional and international organizations, and it is hoped that both the
governmental and the private sector will contribute to the project.

The status of new commercial remote sensing satellites was reviewed by the Secretary General
of ISPRS. These new satellites are intended to provide high resolution (up to 2 to S meters) data in
the areas of meteorology, cartography, natural resources and commercial imaging. Countries who in
the recent past have been involved in the development of such commercial remote sensing satellites
are France, Germany, India, Japan, the Russian Federation and the United States. Furthermore, the
European Space Agency plays a major role in the development of new remote sensing satellites.

An outlook for the next decade indicates that 99 Earth observation satellite payloads are planned
to be implemented, out of which 57 payloads should be established within the next five years. These

new payloads will play a significant role in developments towards digital photogrammetry and remote
sensing.

Photogrammetry and remote sensing are the key ingredients in the spatial information sciences
for monitoring Earth’s environment, assessing and predicting natural disasters, thematic mapping,
preservation of national and international security and sustainable development. In the near future,

spacefaring nations will develop remote sensing satellites with spatial resolutions in the range of 1
meter.

In the context of accelerating economic and environmental development, a programme entitled
"Resource 21" will be launched in the near future. Resource 21 is an information service company
with the objective to improve agriculture, environment and natural resource monitoring. It is a market
driven programme and combines satellite remote sensing, telecommunications and information systems
technology. Resource 21 shall provide information products within hours of satellite data acquisition.
It will also provide coverage of Earth every three days with a spatial resolution of 10 m. The system

will be comprised of four satellites with a swath width of 205 km. Resource 21 should be operational
in 1999.

A further system to be implemented in the near future is the geophysical and environmental Earth
resource observation system (GEROS), aiming to provide timely and accurate information on

agriculture, forestry and coastal zones. This system will be comprised of six satellites, the first of
which is scheduled to be launched in 1998.
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E. International Space University - Providing Education Programmes to Professionals

The International Space University (ISU), established in 1988, places emphasis on an
interdisciplinary, international and intercultural space education programme. ISU is dedicated to the
education and development of professionals in all disciplines (such as creators, innovators, managers
and leaders) in space-related fields, the creation and expansion of knowledge through research, and
the exchange and dissemination of knowledge and ideas. All of the above activities contribute to the
development of space-related activities for peaceful purposes, the improvement of life on Earth and
the education and inspiration of leaders and innovators who will guide humanity beyond the next
frontier.

During the course of the summer session programmes of ISU, comprehensive lectures are
provided in all space-related disciplines as well as discussions on how these disciplines can interact.
Furthermore, an international space project is designed during the summer curriculum, resulting in a
professional report with practical utility for the international space community. Overall, these summer
curricula strengthen the development of professional skills and personal qualities required to design,
implement, lead and manage major phases of space programmes.

The ISU summer session provides an intensive 10-week programme hosted at a different location
each year. To date, nearly 1,000 students have participated in summer session programmes. In
addition, 450 internationally recognized space experts (astronauts and cosmonauts, designers and
engineers, space medical doctors, scientists, physicists, historians, policy makers, lawyers, managers,
entrepreneurs, etc.) from 25 countries have contributed as lecturers since 1988.

During the summer curriculum, a series of core lectures are held, providing an introduction to
basic concepts of the following disciplines: System Architecture & Mission Design; Business &
Management; Engineering; Life Sciences; Policy & Law; Resources, Robotics & Manufacturing;
Satellite Applications; Physical Sciences; Space & Society and Informatics. Following the core
lectures, a series of themes and specialized lectures intends to deepen the knowledge in specific areas,
containing contemporary and future issues.

In addition to the summer session programmes, ISU has recently launched a "Master of Space
Studies" Programme, held at its Central Campus in Strasbourg, France. This one-year graduate level
programme comprises three major elements: (a) Sciences and Applications, (b) Engineering, Systems
and Technology, and (c) Management and Social Sciences.

F. Space Transportation

The Russian Federation continues the use of middle and heavy class launchers of the Soyuz,
Molniya and Proton type to launch communication, scientific and many other payloads into different
orbits (including GSO). In addition to the Russian national space transportation programme, these
launchers are also used in furtherance of international cooperation. The Tsiklon and Zenit launchers
are produced in cooperation with Ukraine. The most used cosmodrome in the world - Pleseck - is
responsible for 60 percent of Russian launchings and for 10 percent worldwide. During the thirty years
of its existence (since March 1966), there were almost 1,500 successful launchings. Plans are

progressing for a possible gradual building of the new Russian cosmodrome at Svobodny (Amur
region) in the eastern part of the country.

To proiong the exploitation cycle and improve ecological parameters, a small modemization of
launchers is to be made by the year 2000. The modified Proton-M launcher has the capacity to carry
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21,700 kg to LEO instead of the current 20,600 kg capacity. It will have an advanced guidance
system, more powerful first stage engine as well as improved ecological parameters. Tests of the
modified, ecologically clean version of the Soyuz launcher should start soon at the Pleseck
cosmodrome under the name Rus. It will have new engines at all three stages and an improved
guidance system. In addition, development of the perspective, ecologically clean two-stage launcher
Angara is continuing. It is made up solely of Russian components and will be also launched from the
Pleseck cosmodrome. It can deliver 25 metric tons of payload into a 200 kilometer LEO with 63
degrees inclination. All fluid components - oxygen, kerosene and hydrogen are non-toxic.

Converted military rockets Start-1 and the more powerful Start use solid fuel and will also be
used in the space programme. Another converted military launcher, Rokot, can be launched from its
underground silo. It will be used for launching of smaller payloads into low and middle orbits for
purposes of the Russian national space programme and also for international cooperation efforts. The
integrated operation system also includes a launching complex (based on the complex used for Kosmos
launchers), a service complex (based on Tsiklon serving) and tracking and telemetry, transport etc.

The Russian space corporation Energiya, the Ukrainian research and production centre Yuzhnoe,
the Boeing corporation of the United States and a Norwegian shipbuilding company, are cooperating
in the form of an international consortium named Sea Launch on the preparation of commercial
launchings from a sea-based platform near the equator.

Another project of interest is the aircraft-launched booster Burlak. It is a two-stage liquid fuel
rocket that can deliver 500 kg payload into LEO. A detailed proposal is also being worked out for the
Aerokosmos two-stage rocket that separates from the aircraft on a parachute. Other ideas being
developed in this area include the light two-stage launchers, Kvant and Ricksha, the latter aiming to
deliver about 5 metric ton of payload into LEO.

The Association of Space Explorers (ASE) presented the concept of the "X-Prize" - a prize of
$10 million designed to promote private industry development of a reusable, single stage, sub-orbital
vehicle capable of carrying three adults (300 kg) to an altitude of at least 100 kilometers above Earth.
ASE believes that the X-Prize will stimulate public interest in space exploration and development, and
lead to the capability to fly many people into space, a goal which ASE actively promotes. The
spacecraft must be privately financed and privately built. It must be flown twice within a 14-day
period. Each flight must carry at least one adult to a 100 kilometer minimum altitude, but it must be
built with the capacity to carry a minimum of three adults. The second flight must demonstrate a low
per-flight cost and vehicle reusability. Both crew and spaceship must return to Earth, "substantially
unharmed”, from both trips. Entrants must specify their take-off and landing location prior to the
flight. The spacecraft must make a controlled landing within five kilometers of the chosen landing site.
The X-Prize is international and open to anyone who abides by the rules.

G. Astronomy and Planetary Exploration

In early 1995, the international astronomical community was dismayed by the publication of a
proposal on behalf of UNESCO, to mark its 50th anniversary by the launch of a solar reflector - the
"Star of Tolerance". It was to have been in the form of a double star comprised of two reflecting
balloons, one of 50 meters and the other of 30 meters in diameter connected by a 2 kilometer tether.
The Star would transmit radio messages and, with the right receivers, be able to activate additional
ground based events such as switching on floodlighting of buildings, etc. It would appear as bright as
the star Sirius, or even as the planet Jupiter, orbit the Earth every two hours at a height of 1250
kilometers. Its visibility would be confined to the twilight sky. It was suggested that after four years
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in orbit, the "Star" would have its orbit lowered in order to re-enter the atmosphere. The "Star" itself
would not be a disaster for astronomy, even though it would be a significant hazard. What did cause
major concern within the astronomical community was the precedent it would set, if implemented. It
would be a clear signal, that it was culturally, scientifically and educationally acceptable to use
spacebome solar reflectors to convey messages on an international scale.

But development may not stop with solar reflectors - they are of limited usefuiness for advertising
because their brightness is limited by the efficiency of reflecting sunlight. The existence of such a
fundamental limit, diluted by the inverse square law, reflection inefficiency and atmospheric extinction,
seems to be recognized already. In 1994, SKY TV announced that it was considering space projection
of its logo as a hologram produced by spaceborne lasers. In this situation, there is no limitation of
visibility close to twilight and the energy expended is only bounded by engineering and financial
constrains. Were such schemes demonstrably feasible (SKY TV based its suggestion on a NASA
authority that stated that it was possible), then multiple space holograms would ensure not just the
demise of deep sky astronomical imaging, but the whole of astronomical observation at optical
wavelengths.

In the field of radio astronomy, there are problems with artificial radio transmissions from
orbiting satellites. The interference caused by the GLONASS (Global Navigation Satellite System) at
1612 MHz has been resolved recently. Thus the conditions for observing the important OH maser line
at that frequency should rapidly improve. However, the newly proposed satellite communication
system Iridium is again threatening radio astronomical use of that band. The down link frequency from
the satellites at 1620 MHz will be adjacent to the reserved radio astronomy band at 1610.6 to 1613.8
MHz. Since commercial transmissions must use higher power and astronomy is endeavouring to detect
a weak cosmic signal, the possible spill of artificial transmission could mimic emissions from radio
galaxies. Although Iridium and the United States National Radio Astronomy Observatory have reached
a Memorandum of Understanding, the remainder of the radio astronomical community, with good
reason, regards that bilateral agreement as a very poor basis for the future. What is needed is some
kind of operational mandate which would allow astronomy, civilization, industry and commerce to
coexist.

Another mobile communication project, Teledesic, is looking for an allocation of frequency in
the hitherto non-allocated millimeter wavelength, very high frequency range in the 19 to 29 GHz band.
This spectral region is one of peculiar importance to radio astronomy since there are many interstellar
line emissions. It is subject to absorption (mostly by water vapour) so that there are only a limited
number of transparent windows at these frequencies. Satellite up and down links must use these
windows for commercial exploitation, and radio astronomy needs them to detect the faint interstellar
spectrum lines emitted by a wide range of molecular species. Such studies contribute to understanding
the structure and evolution of our own and other galaxies, formation of stars and planetary systems
and, possibly, the development of life. The detection of these signatures of the nature of cosmic
chemistry will be of crucial importance in discerning how large chemical molecules can be constructed
and where in the Universe such processes take place. Very great care will have to be exercised in
assigning the millimeter frequency range for communications if access to such far reaching
astronomical information is to be maintained.

In addition, mobile multi-satellite systems, like Iridium, Teledesic and others, are demanding very
large numbers of satellites in LEO. These satellites will reflect sunlight and exacerbate the worsening
space debris problem. A study of the United Kingdom Schmidt Archive at the Royal Observatory
Edinburgh has shown that satellite trailings on precious astronomic plates has increased from 1.5 trails
per hour of exposure in 1978 to 2.5 in 1994. More deep sky imaging and photometry will be degraded
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as a consequence when such projects become operational. Clearly, systematic thought is urgently
needed to minimize the impact on both radio and optical astronomy. Attention should be given to
restoration of astronomic observing conditions to a state where the hazards are as close to natural
limitations as may yet be practicable. Above all, no activity of itself should be permitted which would
terminate unilaterally major techniques for obtaining astronomical information and data.

The International Conference on Near-Earth Objects was held in New York on 24 to 26 April
1995. It was co-sponsored by the Explorers Club, the Planetary Society and the United Nations. The
subject of the conference, Near-Earth Objects (NEO), was comets and asteroids whose orbits could
intersect the orbit of the Earth around the Sun. The possibility of collision between the Earth and NEO
has been the subject of much speculation regarding the likelihood and consequences of such an event.
Since it has been generally understood that the impact of a kilometer size NEO would have severe
consequences on the terrestrial biosphere, it is of some interest to estimate its probability. Astronomy
and planetary science have shown that craters are an ubiquitous, if not dominant, feature on planets,
moons and asteroids within the inner solar system. Detailed studies of cratering records indicate that
the impact of a kilometer or greater sized NEO was a regular occurrence, with continuity over large
times scales. The fossil records appear to suggest that our own progression from mammalian ancestors
was assisted by a NEO impact that eliminated a vast number of species, including, at the cretaceous

tertiary boundary (K/T), the predator dinosaurs.

The main focus of NEO research at this time should be towards generating more knowledge
about the origin, evolution, and dynamical and material characteristics of asteroids and comets that can
interact within Earth’s immediate space environment. The heightened public awareness about NEO
and hazards associated with possible impacts must be met with a responsible explanation based on
scientific knowledge. From this perspective, NEO research is an opportunity to pursue
interdisciplinary scientific research in the basic space sciences through international cooperation. Of
prime operational importance is the creation and maintenance of an internationally organized NEO
catalog and ephemeris (predictions) computation service. To this end, improved observational data are
needed from both northern and southern hemispheres, especially for NEO under one kilometer
diameter. :

To underscore the importance of these observations and the uncertainty in determining a value,
albeit approximate, for the probability of collision with the Earth, an analysis of the Earth crossing
asteroid (Apollo, Amok, and Athens families) and comet (Jupiter and Halley families) statistics was
carried out. It is suggested that the overall collision probability may be uncertain by a factor as large
as five. This is primarily due to the relatively large number of smaller objects (below 200 meters) and
the fact that only a very small percentage of this population has been discovered. To determine this
population more accurately, observations must be extended to higher magnitude ranges and spectral
classes wherever possible. '

Obtaining an accurate number for the comet population does not appear to be so straightforward,
since a determination of the ratio of passive to active comets proved to be extremely difficult.
Therefore, further NEO studies should center around extensive and detailed observational work, from
which modelling and other assessments could follow. Until this empirically based research is carried
out, it will not be possible to realistically characterize the NEO threat, nor will the likelihood of a
successful outcome from NEO countermeasures be assured in any way.
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Appendix
LIST OF SCIENTIFIC AND TECHNICAL PRESENTATIONS

[. SYMPOSIUM ON UTILIZATION OF MICRO- AND SMALL SATELLITES FOR THE
EXPANSION OF LOW-COST SPACE ACTIVITIES, TAKING INTO PARTICULAR
ACCOUNT THE SPECIAL NEEDS OF DEVELOPING COUNTRIES,
ORGANIZED BY COSPAR AND IAF

The first session of the symposium, entitled "Small satellite activities”, was co-chaired by Mr. K.
Doetsch, representing IAF, and Mr. W. Riedler, representing COSPAR. The second session of the
symposium, entitled "The potential of micro- and small satellites", was co-chaired by Mr. J. Ortner,
representing IAF, and Mr. K. Szegd, representing COSPAR. Mr. S. Grahn of COSPAR was the
Rapporteur for both sessions of the symposium.

"Small Satellite Programmes in Developing Countries (Keynote Address)," Mr. P. Molette, Chairman
of the Subcommittee on Small Satellites for Developing Nations, International Academy of
Astronautics (IAA).

"The European Space Agency’s Small Missions Opportunities (SMO) Initiative," Mr. F. Ongaro,
Strategy Office, European Space Agency.

"Small Satellite Projects in Latin America,” Mr. C. Puebla Menne, Comité de Asuntos Espaciales de
Chile, Chile.

"An Introduction to KITSAT Program," Mr. S. Kim, Deputy Project Manager, Satellite Technology
Research Center, Korea Advanced Institute of Science and Technology, Republic of Korea.

“"Small Satellite Projects in Spain,” Mr. A. Giménez, Director General, Instituto Nacional de Técnica
Aeroespacial (INTA), Spain.

"Contribution of Small and Micro-Satellites to Scientific Research (Keynote Address),” Mr. K. R.
Sridharamurthy, Indian Space Research Organization (ISRO), India.

"French Experience and Prospects in the Use of Small and Micro-Satellites for Space Science and
Applications," Mr. P. L. Contreras, System Division Head, Toulouse Space Center, Centre National
d’Etudes Spatiales (CNES), France.

"NASA Cooperation with Developing Nations on Small Satellite Programs,” Mr. J. Mansfield,
Associate Administrator, Office of Space Access and Technology, National Aeronautics and Space
Administration (NASA), United States.

"Brazilian Small Satellite Program and its Particularities on Space Needs," Mr. D. Ceballos, Instituto
Nacional de Pesquisas Espaciais (INPE), Brazil.

"The Sunset Project," Mr. S. Mostert, University of Stellenbosch, Republic of South Africa.

"Summary of the Symposium," Mr. S. Grahn, COSPAR.
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II. OTHER SCIENTIFIC AND TECHNICAL PRESENTATIONS

"Space Debris Related Research at the Research Establishment for Applied Sciences (FGAN)," Mr.
D. Mehrholz, FGAN, Bonn, Germany.

"Measurements of the Orbital Debris Environment," Mr. A. Potter, National Aeronautics and Space
Administration (NASA), United States.

"Modelization of Space Debris and Comparison with Observations, Mr. F. Alby, Centre National
d’Etudes Spatiales (CNES), Toulouse, France.

"Space Debris Research in ESA," Mr. W. Flury, ESOC, European Space Agency.

"Summary of the United States National Research Council Report on Orbital Debris: A Technical
Assessment," Mr. G. Levin, National Aeronautics and Space Administration (NASA), United States.

"The Unique Debris Hazards Associated with Satellite Constellations,"” Mr. R. Crowther, Defence
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