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3.1.9

LEO remote sensing constellation requirements and database storage

For Earth observation, a series of data taken over a long period of time is often essential; a
combination of previously recorded data must be combined with contemporary
observations to provide a consistent data base. This data base has to make possible an
improved resource management and offer the possibility to provide information to national
decision makers concerning environmentally sensitive socio-economic sectors that include
water supply, energy, agriculture, forestry, fisheries, construction, transportation, retail and
leisure industries and disaster warning.
The information required includes:
•

in-situ observation

•

adequately calibrated and quality controlled data

•

real time data

No single agency is in a position to provide this complete range of information at present,
nevertheless, MISSION envisages to accomplish it.
3.1.10

System aspects

Overall System Configuration

The characteristics of the global information system in the 21st century will thus be global
access, real time, user defined, integrated and affordable; to meet these the following
system has been proposed:
The whole system is going to be composed of six main segments:
•

GEO telecommuriications satellites which will support most of the markets that
INTELSAT focuses on.

•

MEO hybrid Telecom and GPS constellation with basic voice and data
telecomrriunication functions combined with GPS. e.g. For fleet management.

•

LEO R.S. constellation.
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•

LEO multimedia communication system like Teledesic or Skybridge (leasing
capacity on a to be existing system is considered here).

•

The ground management system like an improved Internet with an international
hybrid organization.

•

The unified user terminal in three categories.

GEO Satellite's Constellation ·

The GEO satellites can provide the communication channels for the TTC&M (Telemetry,
Tracking, Control & Monitoring) function of the LEO constellation needs. This feature is
considered because of the complexity of LEO ground TTC&M network due to the satellites
ground track (repeating track or not every 24 hrs), the changing elevation angles, handoffs
etc. Therefore only three ground stations for attitude & orbit control of GEO satellites are
needed. The current solution used in planning GMPCS systems is to use inter-satellite links
(ISL), e.g. Iridium, or complex ground stations, e.g. Globalstar.
The study on this possibility soon met with two difficulties. How to cover the polar regions
and the fact that it cannot replace ISL. The solutions for the polar regions may lie either in
leaving the polar areas uncovered, such as Globalstar is doing, or possibly using a polar
orbiting satellite. Since this problem is only significant in the LEO constellation, it can be
looked at further if it is decided that the LEO segment should be included in the final
system design. However, the study on this may be interesting and valuable to carry out.
The TTC&M for the MEO satellites will be done from the GPS ground stations.
MEO Satellite Navigation System Configuration

A medium earth orbit config-Uration is chosen due to the following advantages:
•

Slow variations of the elevation angle

•

Smallest amount of debris and therefor a higher satellite lifetime

•

Concerning the communication payload no cross links are necessary and the
ground control segment can be kept on a low cost level

•

Large coverage area
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For position determination 4 satellites in view of the user are needed. To provide sufficient
coverage and a good dilution of precision at least 5 satellites should be visible.
Each satellite contains a GPS payload including antennas, L-band transmitters and cesium
and rubidium clocks. The communication payload consists of parabolic antennas and
transponders for Ka-band feeder link and S-band mobile link and power is provided by
GaAs solar arrays with Ni-Cd batteries for storage during eclipse periods
The ground segment is the same for both the communication link and for the positioning.
LEO RS Constellation
The geostatiorary satellites are used to relay data and TT&C to and from the remote sensing
satellites.

There will be a GPS receiver onboard the RS satellites to provide accurate

positioning and orbit determination. Indeed, a feature of the MISSION system will be the
use of GPS to determine the positions of the lower orbit satellites. A data collection
capability will also be desirable.
The GIS System
To the system described above, there are three basic elements in terms of Geo-information
needs. The sources gathering the information, the management system to process the
information and the means to carry and transmit that information to the user or other data
centers.
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Figure 3.2

The layered structure of the information system

The User Terminals
There are two types of user terminals, one for mobile and one for fixed.

3.1.11

Concept selection

After the conceptual design, from the scenarios explained at the beginning of this chapter,
It became apparent that the MISSION information system would require to integrate all the

services presently offered by three different space systems i.e. telecommunications remote
sensing and GPS. Examining the advantages of each service in the three orbits and the
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possibility of integrating some payloads on board the spacecraft, the final MISSION system
concept discussed in Chapter 4 was chosen.

This system focuses mainly on Gee-

information requirements and does not discuss all telecommunication services.
The next chapter will focus on the following aspects: Space Segment, Data and Information
ground

se~ent,

organizational, legal & policy considerations, and business and market

aspects.

3.2

Legal and political issues for the conceptual design

Many legal and political issues have to be taken into account for the conceptual design
presented.

Setting up a system like MISSION presents legal, regulatory and political

challenges, all of which have to be overcome before the system can be implemented. The
technical developments in this domain are evolving so fast that it is difficult to identify
which legal framework to apply, and even to determine whether there actually exists an
appropriate legal basis to regulate, support and protect the system. The already existing
relevant laws and regulations such as the UN Space Treaties and Resolutions, the ITU
Regulations, the more recent GATS agreements, as well as regional and national laws have
to be addressed.
MISSION can be defined as A global system able to combine technical developments of
digitization and data compression and transmission into integrated activities that either did
not exist or were once done as distinct functions, such as: universal telecommunications
access, audio-visual communications, positioning and earth observation data and
information world-wide access [Rapp, 1997]. MISSION is a combination of space based
segments and terrestrial infrastructures, providing multiple services which so far were
subject to specific laws and regulations. Moreover, the high complexity of the system
implies the participation of a plurality of interacting entities, whose role and relationship
have to be understood and regulated. The key players are shown in figure 3.1 [Mehrota,
1997].
USERS can be considered the source for dictating requirements. NETWORK OPERATORS
hold a license respecting the national regulatory body specifications in terms of policies,
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distribution of frequencies, standards and interfacing conditions to networks. SERVICE
PROVIDERS are a direct link to the end user selling the service, the terminals and installing
when necessary the equipment. EQUIPMENT SUPPLIERS relationship with other players
depends on the type of terminals; the recent tendency is towards international alliances and
partnership among manufacturers to gain market share.

INTERNATIONAL CO-

OPERATION is necessary for spectrum management and frequency allocation, operation
and business management. STANDARDIZING BODIES work on the harmonization of
technical standards for frequency use. The creation of identical standards is politically and
economically driven and the process involves all the key players. REGULATORY BODIES
define rules to implement national policies and priorities, to obtain landing rights, set the
rules governing competition among various operators and make sure that licensing
conditions are observed throughout the life of the system.

8~.....--------.
~

/

SERVICE
PROVIDERS

EQUIPMENT
SUPPLIERS

NETWORKS
OPERATORS

Figure 3.3
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3.2.1

Global regulation: ITU

The International Telecommunication Union was officially reorganized in 1994 in order to
make it more responsive to the rapid pace of technological change in international
communications.
The regulation of satellite communications has three important components: allocation,
allotment, and assignment [Schwartz, 1996]:

Allocations designate a group of frequencies to a service with priority within services
decided largely on a first-come, first-served basis. Allotments conversely, designate specific
frequencies or bands of frequencies for the use of one or more identified countries or
geographic areas under specified conditions, and therefore more closely resemble national
assignments. An assignment is an authorization given by an administration for a radio
station to use a particular frequency or frequency channel under specified conditions.
Therefore the ITU allocates spectrum, allots spectrum and orbital positions, and maintains a
register of orbital positions and radio frequency assignments. The process, for the allocation
of a group of frequencies to a service or a group of services, goes through publication, co-

ordination and notification. This kind of procedure, once primarily discussed in the context of
satellites in GEO, applies as well to other types of satellites to which spectrum has been
allocated. Moreover, only a government, not a private satellite operator, may utilize the
ITU's process for obtaining frequency and orbital position protection.
The Radio-communication Sector ITU-R

is mainly concerned with radio matters

(management of the radio spectrum, examination and registration of frequency
assignments) and ensuring that the Radio Regulations are adopted and applied. Its work is
supplemented by a World Radio-communication Conference that meets every two years
and organizes the work of the smallest units of ITU-R, called Study Groups dealing with
ongoing technical questions.
The Telecommunications Standardization Sector, ITU-T, is in charge of telecommunications
standards and it is supervised by a World Telecommunication Standardization Conference
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that meets every four years. Like ITU-R, ITU-T includes a number of study groups that
work on technical problems associated with the performance and the compatibility of
telecommunications systems and equipment.
Another source of telecommunications standards is the International Standards
Organization (ISO) with a very important and broad mandate. ISO is as well as ITU- a UN
Agency- whose members are either national standards-setting organizations (full members)
or delegations from countries that do not have such bodies. ISO co-ordinates its work with
other 400 organizations.
3.2.2

Regional regulatory and standardizing bodies

A first example of standards harmonization at regional level has been offered by The
Conference of European Post and Telecommunications Administrations (CEPT) since 1959.
The work of the CEPT has increasingly come under the jurisdiction of the EU. At the EU's
request, the CEPT has developed a group of specifications that are biding its members.
These standards are known as NETs, which stands for "Normes Europeans des
Telecommunications" [Kennedy, Pastor, 1996].
The influence of CEPT in standards making has declined as a consequence of the creation
the European Telecommunications Standards Institute (ETSI) 1988. ETSI's membership is
open to any European nation, not just members of the EU. The need for such a body
became evident in the light of the special nature of the telecommunications industry and the
special regime for mutual recognition of terminal equipment which the European
Commission aimed to introduce. The role of ETSI is to formulate standards in the field of
telecommunications, information technology and broadcasting. The approved Standards
have the status of voluntary. standards. It is then up to the national governments and the
Commission to transform them into mandatory standards [Long, 1995].
The European Union since the Satellite Green Paper in 1987 and the White Book in 1993 has
proposed major regulatory changes in order to meet the challenges of multimedia systems
and services. A new Community-wide legal framework is meant to be established based on
[Scherer, 1995].
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•

Integration of distribution channels

•

Integration of different types of information

•

Interaction

EU telecommunications laws together with the implementation of a fifth (frame) program
specific for the information and communication technologies, will ensure the realization of
evolving regulatory actions enforced at national level.
3.2.3

International trade and custom regulations

As the main task of MISSION is to carry information all over the world, the organization
will have to take into account a complex legal framework constituted by international trade
and services agreements and institutions concerning the movement of information. Part of
this legal structure is constituted by the newly established General Agreement on Trade in
Services (GATS), which forms integral part of the Uruguay Round and the Marrakech
Agreement Establishing the World Trade Organization (WTO).
Relationship between WTO and ITU
The roles of WTO and ITU in trade agreements on telecommunications are complementary.
The WTO regime has definitely a strong impact on trade related aspects of the frequency
spectrum policy carried out by the ITU. However, not all the ITU members also belong to
WTO, and in the telecommunication sector there is generally a lack of information and
understanding about the role of WTO and the impact it can have on the telecommunications
regulatory and licensing regimes. Therefore, the two sectors need to closely co-operate with
each other, which implies the necessity for a continuous exchange of information and a
reciprocal support.
The General Agreement on Trade in Services
The GATS agreement, with the related Telecommunications Annex and Schedules,
implements a change in international trade for telecommunication services, which
substantially modify the national regulatory regimes. The GATS is the first global trade
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agreement containing also provisions specifically related to telecommunications. It aims at
promoting open 'market access on a global basis in the telecommunications sector and at
developing a stable regulatory framework for telecommunications; it requires each member
to ensure that all service suppliers are granted access to and use of public
telecommunications networks and services on non-discriminatory basis.
The services considered under the agreement are voice telephony, data transmission, fax,
fixed and mobile satellite systems and services, cellular telephony, mobile data services,
paging and personal communications systems. The inclusion of value added services such
as data-processing and storage, or e-mail was accepted only by a few countries, and are
included in separated schedules [ITU, 1995].
The GATS is based on three pillars:
•

A framework agreement containing the basic principles applicable to any kind of
trade in services (e.g. the Most Favoured Nation principle).

•

Specific Annexes setting out rules for specific services.

•

National schedules which identify specific market sectors in which each
government commits itself to liberalize.

The basic obligation under the GATS requires any member to apply national treatment and
most-favored-nation (MFN) principles to all WTO members, by granting foreign companies
the same treatment as domestic companies, and by prohibiting members from
discriminating among themselves, or from treating other members less favorably than any
other country. However, any country is free to impose limits on open access to its markets
by formally introducing exceptions in the MFN obligation.
WTO's impact on national telecommunications policy and regulation
The GATS and the Telecommunications Annex affect both national governmental policies
and regulations, as ·well as telecommunications operators. National telecommunications
regulators need to revise their national regulatory framework and licensing policy in order
to abide by obligations foreseen under the GATS and the Negotiating Group on Basic
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Telecommunications agreements. The Agreement also affects the licensing activity, with
respect to the licensing processes and to the licensing conditions. General obligations put
limits on the extent to which national regulators can arbitrarily act in the licensing or
assignment of radio frequencies, so not to disadvantage foreign providers of
telecommunications services; this automatically affects the freedom of telecommunications
operators, which must abide to the decisions of their national governments.
It is not clear yet how GATS provisions would apply to intergovernmental organizations,

which normally enjoy market access advantages. As MISSION will be initially set up as
intergovernmental organization, it will likely enjoy in the first period these kind of
advantages, as it is the case for Intelsat or Inmarsat; however, in a second period MISSION
will be re-organized into a private company, and therefore it is foreseeable that at this
moment each national member would abide by the GATS provisions.
WTO's impact on frequency spectrum regulation
Another main issue relates to market access limitations based on spectrum availability.
Under the Agreement, countries are committed to ensuring that rights to use radio
frequencies are granted by governments in such a way as not to discriminate against foreign
operators [ITU, 1995]. However, each member can freely allocate spectrum and frequency
bands, which therefore could seriously limit the open access to its market, as countries could
try to make use of the spectrum and frequency allocation process to limit market access to
specific global mobile satellite systems. Many countries clearly indicate that their schedule
commitments are to be considered as depending upon the availability of spectrum and
frequency. Therefore it is necessary for governments to specifically determine the extent of
their

commitment

in

relation

to

national

treatment

and

market

access

in

telecommunications services.using radio frequency spectrum [ITU, 1995].
This problem could also affect the development of MISSION, if , in a second phase, the
administration of ea·ch country would be held responsible to assign specific frequencies to
single operators. Therefore, the best solution for the implementation of MISSION would be
to completely centralize the spectrum and frequency allocation, in direct link with ITU, at
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the level of the country where the Headquarters of the company is (Australia), in order to
co-ordinate the activity of the administrations of the different members and to avoid any
overlapping and conflicts of interests.
Another serious issue in the framework of GATS consists of the traffic distortion occurring
in international services in case of communications being conducted between liberalized
and monopolistic markets (these traffic distortion originate from the fact that monopolistic
suppliers operating in liberalized markets enjoy an advantage over suppliers from
liberalized markets which operate in monopolistic environment). Therefore, due to the
global nature of

MISSION, also the issue of the interaction between liberalized and

monopolistic market will assume a fundamental role in its development.

It is clearly

necessary that the development of MISSION will have to proceed within the framework of
WTO and GATS rules; this implies the necessity for a serious commitment from any
participating country to an implementation of the new agreements, through a gradual series
of legislative reforms.
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CHAPTER 4
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MISSION

4.1

Space segment

4.1.1

System overview

The MISSION system will consist of a three constellation network of satellites at GEO, MEO,
LEO, and an airborne system. Each constellation will have a different function. The MEO
constellation will provide GPS and broadband telecommunications services. The LEO
satellites will perform remote sensing in both radar and optical wavelengths. The satellites
at GEO will relay these remote sensing data to the ground and send Telemetry, Tracking
and Control (TT&C) data to LEO from the mission control center. The airborne system will
augment the LEO remote sensing satellite coverage by providing high resolution radar and
optical coverage in real-time over cities and disaster areas.
The architecture of the system will satisfy the needs detailed in chapter 2. The system is
broadly described in figure 4.1.

••••
GEO TORS-- - o z . - - -

···~

Figure 4.1

MISSION system architecture
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The construction of the entire MISSION system will occur in several phases, according to
the business plan. In the first phase the ground segment is built, and then the MEO
constellation is launched. Next the airborne segment and LEO constellation will be set up.
Transponders will be leased from existing commercial ventures to support the data relay
function, until the MISSION GEO constellation is orbited in the final phase.
The MEO GPS/ Broadband satellites will be placed in a 14,000 km circular orbit.

The

constellation consists of 40 satellites, spread over 8 orbital planes at an inclination of 65°.
Thirty-two satellites are active with one spare satellite in each plane. These satellites will
transmit pseudo-code positioning data to the mobile user on the ground. Also they will
provide L-band low data communication links for the mobile users. This channel will most
likely be used to send position data back to the Data Information and Management Center.
Also, the MEO satellites will have a broadband communications service in Ka-band to
provide multimedia, voice, data, and video to fixed and mobile terminals. The MEO GPS
payload will receive and transmit telemetry ephemeris data to and from the GPS ground
station.

The expected lifetime of the satellites is 12 years.

The required power is

approximately 3600W at EOL, and on-orbit mass, at BOL, is estimated at 900 kg. It is
estimated that each satellite will cost $100M.
Sixty-four LEO satellites and eight spares will be placed into a 700 km sun-synchronous
orbit spread over eight planes. The on-board remote sensing payloads provide 30 meter
resolution 8-band multispectral data (visible/NIR), 10 meter resolution SAR and a 1 meter
resolution SAR spotlight. There will be two SAR antennas to allow the satellite to scan on
two sides simultaneously. All remote sensing data will be sent to the GEO satellites. The
telemetry and telecommand data will be relayed from the ground via the GEO satellites to
the LEO. Tracking data will be calculated from the on-board GPS receiver. The power
required by the satellites is 2000W, and the mass is 700 kg. The cost is estimated at $80M
each.
The airborne remote sensing segment will consist of high altitude unmanned autonomous
vehicles (UAVs).

Wherever necessary, they can be deployed over specific regions to

provide continuous real-time remote sensing at radar and optical wavelengths at a
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resolution of less than 1 meter. They fly at an altitude of 20,000-30,000 meters and are
capable of remaining on station for up to 14 days by using a battery backed solar-powered
propeller engine and lightweight construction. Two types of services are envisioned for
such systems: routine metropolis monitoring and disaster coverage.

Major cities will

require UAVs to provide continuous traffic monitoring, crime detection, urban growth, and
infrastructure management. A second type of service for the UAVs is to provide continuous
coverage over disaster areas such as flood zones, earthquakes, and volcanic eruptions. LEO
satellites are not as cost-effective for these applications as UAVs. Several hundred aircraft
will be necessary world-wide to meet user needs, but more would be deployed if justified
by market evolution. The data from the airborne facilities will be relayed to regional ground
stations and also to the GEO satellites for relay to the Data Information and Management
Center for wider distribution. UAVs are presently in the technology demonstration stage
but are expected to enter routine civilian use within 10 years. UAV costs are expected to be
in the $2 million dollar range, with operational costs near $200 per hour.
The final phase of the MISSION business plan includes 4 (3 plus 1 on-orbit spare) satellites
in a GEO orbit. The purpose of the GEO satellites is to relay and distribute remotely sensed
data from the LEO and airborne remote sensing constellation to the ground station s, and to
relay TT&C data to and from the LEO satellite constellations. Tracking and control of the
GEO satellites will originate from the mission control center.
The GEO satellites will thus have four types of communication links: intersatellite links,
inter-orbit links, data links with the airborne segment, and feeder links between the satellite
and the ground stations. These links will be broadcast atKa-Band for forward feeder links.
All the telemetry commands will be transmitted on S-Band. The satellite bus is based on the
Intelsat VIII design. The estimated power requirement at EOL for each satellite is SOOOW.
The estimated in-orbit mass is 2100 kg, which includes 600 kg of station-keeping fuel. The
GEO satellites will have an expected design life of 15 years and the cost of each satellite is
estimated at $165M.
The MISSION system requires just four ground stations. Three ground stations with 14
meter antennas appropriately located around the Earth are required to receive the data from
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the GEO satellites and to range the GPS satellites. A fourth ground station is the GPS
master ground station.

All of the data relayed to the ground will go into the Data

Information and Management Center via dedicated land lines for distribution to customers.
MEO segment

4.1 .2

The MEO segment will consist of a satellite constellation which provides both civilian GPS
broadband telecommunications. Table 4.1 gives a summary of the system specifications.
Table 4.1

MEO satellite characteristics
FEATURE

SPECIFICATION

Payloads

Global Position System 3-frequency pseudo-code broadcast
L-band low-data rate uplink
Ka-band 155 Mbps Broadband communications

#Satellites

40 (32 active plus 8 on-orbit spares)

Orbit

65 degrees, 13892 km altitude, 8 planes

Orbital Period

479.16 minutes

Telemetry

Telemetry relayed to and from ground via ground station

Control

Controlled from ground

Ground Stations

4 ground stations transmit and receive TI&C
< 2m ground antennae diameter

Mass

900 kg

Attitude Control

3-axis stabilized

Power

3600 watts

Communications

TI&C: S-band

Frequencies

Broadband = Ka-Band, 155 Mbps
low data rate= L-Band, 9.6 Kbps
3 L-band frequencies for GPS pseuo-code transmission

Probable Launchers

Delta II, Sea Launch, Ariane 44P

Cost

$1 00 million each

Present NAVSTAR GPS system
The present Navstar GPS is a satellite-based radio navigation system which provides
continuous near global coverage to users who are equipped with a receiver capable of
receiving and processing the signals broadcast by the satellites. The space segment consists
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of a constellation of 24 satellites, including 3 active in-orbit spares. The satellites are
arranged in six 55· inclination orbit planes at an altitude of 20184 km.
A user segment consists of an electronic receiver with antennae in direct view of at least 4
satellites. Timing signals from the satellites are detected and processed to give longitude,
latitude and height values. Two services are provided. One service is the Precise (P) signal
(L2 carrier) which is only available to the US military and military authorized applications.
The other service is the Coarse Acquisition (C/ A) signal (L1 carrier) and the basic precision
of this signal is purposely degraded by Selective Availability (SA). The average precision of
the P code is of the order of 7 meters while that of the C/ A is 15 meters without SA and 50
meters with SA [Hein, 1995]. SA can be turned off by the US military but it is expected to
remain on until the tum of the century.
The ground segment consists of four ground stations approximately evenly spaced around
the Earth with a master station in Colorado Springs, USA. The ground stations monitor the
satellites as they pass overhead and pass on information to the master station for the master
station to control and correct the satellite positions and navigation messages.

The

navigation message of each satellite contains its ephemeris data and the navigation message
is modulated onto both of the signals (L1 and L2) that each satellite broadcasts.
The need for a new GPS system
By considering several of the needs for positioning information given in Table 2.1, it is
apparent that the Navstar GPS system is not sufficient for satisfying the needs of the future.
There are two features lacking in the Navstar GPS system which will be provided in the
MISSION system: several meters accuracy, and a back communications channel to relay
position fixes to a central site. Three examples which require both of these features are
aircraft landing systems, directing vehicles on congested city streets, and rescue at sea. In
these examples, people other than the pilot, driver, and drowning victim need to know their
positions in order to provide assistance.
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Even if Navstar's selective availability is turned off, the position accuracy is on the order of
7 meters. Use of differential correction broadcasting can provide sub-meter accuracy, but
differential broadcasting is not available worldwide. In addition, Navstar does not provide
the capability of receiving and relaying user's position data.
As seen in table 2.1, there are several applications that require precision within 5 mm to 1
em. The need for monitoring tectonic plate and volcanic Earth movements together with
numerous needs in surveying, precision farming methods and a host of other needs dictate
the requirement of sub-centimeter accuracy. Present carrier phase measurements over some
hours of time give this accuracy relative to datum points. Differential techniques will give
these sorts of relative accuracies in much shorter times.
The requirement for higher accuracy has been questioned because it was thought that there
would not be enough users or .income to justify the costs of the extra precision. However, a
consideration of the following extracts from a United States Geological Survey (USGS)
report gives some compelling reasons why the extra precision is desirable. If preventive
measures by rescue services, aided by precision GPS technology, could save 5% of the
estimated damage bill, then perhaps $5 billion dollars could be put towards the cost of the
GPS system [USGS, 1996]

The "Great 1906 San Francisco Earthquake" is one of the strongest ever recorded on the North
American Continent. If a similar Earthquake occurred in Northern California today, after many
decades of rapid urban growth, thousands of people would likely be killed and economic losses might
be in the hundreds of billions of dollars. Such an event would easily be the worst natural disaster in
the Nation's history.
Because of extensive urban development in Northern California since 1906, the strong Earthquakes
expected in the coming decades may be very destructive. For example, a magnitude 7 Earthquake
occurring today on the Hayward Fault (a part of the San Andreas Fault system, along the densely
populated eastern side of San Francisco Bay) would likely cause hundreds of deaths and almost $100
billion of damage. In 1990, the USGS reported that there is a 67% chance that one or more quakes of
about magnitude 7 or larger will occur in the San Francisco Bay area before the year 2020.
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The $5 billion savings is not real income for GPS services so for this type of consideration it
should be the responsibility of government to see the advantages of such a system and
contribute real money towards it. This case is for the US where the government has already
contributed to a GPS system, but the proposed new civilian GPS system will be more
accurate. Other governments, as well that of the US, can use the new system in applications
involving earthquake studies, making use of the superior precision. For this one application
alone there are very compelling reasons for a high precision GPS system.
Enhancements of the MISSION GPS system over present GPS systems
The MISSION GPS system will have several advantages over the present GPS system. There
will be 8 more satellites than the present 24 and this will give a bigger probability of
viewing four or more satellites from any point on Earth. The extra satellites will also allow
viewing of four satellites from known areas of the Earth where this is presently not possible
at all times [Schanzer, 1995]. Selective Availability (SA) will be a thing of the past and the
highest resolution will be available to all users.

The third frequency will be used to

broadcast differential corrections for several areas in the possible reach of a given satellite's
signals. These differential signals will be derived from accurately surveyed ground stations
via the low speed data uplink.

The high precision sub-centimeter resolution will be

achieved, with respect to a bench mark station, using these differential signals.
Perhaps the most innovative feature of the MISSION GPS system is the L-band low datarate link which allows the user to send his position every few seconds as well as in-situ
environmental data to the satellite where it is relayed to the Data Information and
Management Center. The data can be connected to a standard data service of the terrestrial
telecommunications system or relayed to a GIS center where it can be combined with
remote sensing data. Cross satellite links between the GPS satellites and GEO TDRS
satellites will be used. The GPS-user link will be a switched packet data network operating
at 9600 bit/sec.
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With this facility the civilian GPS system will be able to offer an integrated system to
establish automatic location systems covering all points of the Earth and, perhaps more
significantly, from a central site at any place on Earth.
Finally, compatibility with the present GPS system's L1 frequency will allow a modular
deployment of the new MISSION GPS system. This allows MISSION to generate revenues
to pay for the completion of the constellation.
Orbit

The three criteria below are extracted from a text of the American Institute of Aeronautics
and Astronautics [Parkinson, 1996].

From a user performance standpoint, satellite orbit selection has several effects:
The higher the orbit altitude, the greater the fraction of the Earth visible by a single satellite.
Within limits, power flux density on the Earth is nearly independent of orbit altitude because the
satellite antenna beamwidth can be selected (widened or narrowed) to provide full Earth coverage.
A low-orbit altitude with its corresponding short visibility time leads to a larger number of signal
acquisitions and satellite-satellite handovers by the user receiver, and larger Doppler shift must be
tolerated by the receiver.
For example, a satellite at altitude 10200 km will be seen at an elevation of 0 · from a point A
on Earth 67.3 · (Earth center angle) from the point B where the satellite is directly overhead.
If the satellite is at 20100 km, then the satellite is viewed at an elevation angle of 8.9 ·. At

this viewing elevation, the satellite can be included in a navigation solution. Thus the high
altitude orbit of 20100 km generally allows more satellites to be viewed than the lower 10200
km orbit. (Radius of Earth= 6400 km).

One of the main criteria is that the satellites should have repeated ground traces over some
convenient period of time like one or two days. This is to enable the easier determination
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Faculty Preface

An important element of the ISU Master of Space Studies (MSS) curriculum is a team-based
activity to carry out a conceptual study and to produce a report, a product of significance to
the international community. For the second year of MSS (MSS2), students came from a
variety of countries, cultures and academic and professional backgrounds. Through their
participation in such an effort, they developed skills in intercultural and interdisciplinary
communications, teamwork, problem solving and knowledge synthesis. Each Team Project
(TP) is also expected to provide a fresh look at developing and/ or utilizing space science
and technology.
For the MSS2 TP, the topic fell within the realm of "New Space Markets". The precise topic
concerns the future space systems and markets associated with the development of services
based on geo-information and communications. This report is about space, technology and
markets, but also, among other things, about the survival of individuals in dangerous
situations, benefits to humankind, and even freedom.
Indeed the use of state-of-the-art technologies for the benefit of humanity is a valuable
endeavor. Recent advances in space systems such as GPS, remote sensing, data collection
and telecommunications, as well as hardware and software information technologies on the
ground, will bring exciting and unexpected applications soon after the turn of the century.
If the information society, with geo-information as one of its major elements, is not to be

plagued by the "Big Brother" syndrome, the innovation and market expansion processes
must be accompanied by the parallel development of new ethical, political and legal value
systems.
Since the Team Project is intended to be both an important learning experience for MSS
students and a useful feasibility study that suggests new opportunities for the global space
industry, the unique contribution of the MISSION study may not be only in the innovative,
integrated and multi-purpose technical design, but rather in its definition of a new

paradigm for new global space enterprise. MISSION represents a new type of international
space initiative that lies between international and intergovernmental initiatives, like
INTELSAT and INMARSAT, and strictly commercial consortia, such as those represented
by the new satellite telecommunications initiatives of Iridium, Teledesic, or Globalstar.
This new paradigm represents strong commercial viability, innovative financing, and
significant ground and space economies derived from integrated facilities. At the same time
it also allows, integrated, multipurpose and multi-billion dollars system, the deploying of
"piggy backed" packages capable of supporting humanitarian and public safety functions;
yet this is accomplished within a largely commercially designed business framework. It is
one of the most innovative concepts of how a space system could be designed for virtually
"everyone". Although it might not be for literally everyone, it does seem to have strong
appeal amongst a very broad spectrum of people around planet Earth - from investment
bankers to the Red Cross and Crescent, from farmers and fishermen to public safety workers
and air traffic controllers, from urban and transportation planners to international business
travelers and mountain climbers.
This report was prepared after only about four full weeks of work by the team of thirty
three students, with the support of their faculty. The technical, economic and social issues
have been tackled with enthusiasm and competence, and the students' contributions should ·
be found to be very valuable to those preparing an involvement in the new information
markets of the next century. The educational value of such a wide range of aspects is
obvious, and the integration of so many of them into one study constituted a formidable
challenge.
We wish to acknowledge the support given by many external experts who through specific
lectures, teleconferences or mail enabled the MSS2 students to produce, for themselves and
their readers, a vision of the information society and the markets of the future. Finally, we
thank the MSS2 students themselves; in the course of such a wide ranging and complex
project, they succeeded in building solid bridges, not only between cultures and disciplines
but also across the generations, with good spirit and humor.
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Student Preface

Destiny is not a matter of chance, it is a matter of choice;
it is not a thing to be waited for, it is a thing to be achieved.
--William Jennings Bryan.

The Multimission Innovative Space System for an Information Optimized Network
(MISSION) report is a product of the second Masters of Space Studies class at the
International Space University's central campus, Strasbourg, France.

It represents the

combined effort of 33 students representing 23 individual countries. The international,
interdisciplinary and intercultural approach to education provides a rich tapestry, where
each student has a different background and range of experience. This produces a unique
ethos in which many ideas and perspectives are exchanged freely and openly.
This report is dedicated to illustrating the future of humanity. The initial starting point was
to consider all possible needs and to what extent the current space sector is able to service
these requirements. Imagination and analyses have been merged together to predict how
these needs will change and to assess the future role of space.
MISSION is therefore a response to the predicted geo-information needs of the global
community. The MISSION system is dedicated to service both individual and collective
information needs by providing timely and user defined information, anywhere in the
world.

iv

The future is daunting, as we approach the next millennium, new and wonderful
opportunities will appear. The extent to which the future is envisioned can only be judged
by history as it reveals itself. One thing can be learnt that humanity when faced with the
impossible will achieve it against all odds, generation after generation. Our restlessness and
determination to evolve is unprecedented.
Despite the report being the main focus and output of the project, equally important are the
many aspects that are difficult to express, but which every student experiences. The major
realization is the team work, not as a small team, but in an unfamiliar, large and
intercultural group. The different approaches to solve the same problem become quickly
very distinct, and tolerance, adaptation, self discovery and understanding thrives. The
result was that each member is enriched by the experience as skills such as negotiation, time
management and reasoning are stretched to the limit.
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United States Geological Survey
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USNO

United States Naval Observatory

USSR

Union of Soviet Socialistic Republics

UTC

Universal Time Coordinate

VSAT

Very Small Aperture Terminal

WAAS

Wide Area Augmentation System

WAD

·Weighted Amount of Data

WTO

World Trade Organization
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The Maturing Information Age
telecommunications. remote-sensing, a nd Global
Positioning System (GPS) satellites - the geeInformation market must be considered a space
market. For this reason, this study of the new space
market of gee-information has been undertaken by
the 1996/97 Master of Space Studies class at the
international Space University.
Why multimission? One of the essential objectives of
MISSION is to reduce costs. By combining remote
sensing and telecommunications payloads on its
INSAT series satellites, the Indian Space Research
Organization has reduced its costs by half.
We are entering the adolescence of the
information age. It will be a period which is marked
by significant growth, change. and maturity in the
diversity of Information-related services, and shall
affect most areas of human activity world-wide.

Why integrated?
To eliminate unnecessary
redundancy, duplication of effort, and redevelopment of existing p roducts or services. This
integration and economies of hardware will help
further to reduce costs.

Gao-information is any information pertaining t o the
position. status and evolution, or environment of any
person. object, site, or event referenced by coordinates in space and time. Gee-information. is
increasingly critical for management and decisionmaking, such as environmental monitoring in routine
or crisis situations, transportation management. and
commercial or recreational activities.

Such an ambitious and wide ranging study cannot
be reasonably made in detail within the very short
period available for the MSS team project . Thus
some essential tasks must keep priority, while others
will b e treated in a p reliminary way, to be
addressed by future studies.

Information on a planetary scale is increasing
200,000 times faster than the population. Because
of its economic importance and day-to-day
benefits, a large market is emerging to produce
and commercialize gee-information products and
services, and to integrate them with other existing
products.

Objectives

For the present study three strong items have been
retained, which will be considered in detail:
.
• a new assessment of needs: to reveal some of
the essential hidden needs of human beings;
• a new market: for global gee-information;
• a new system: a n innovative combination of
telecommunicat ions. remote sensing, and
global positioning.

The primary focus of the MISSION project is:
to establish a space-, airborne-, and terrestrialbased system which provides cost-effective
services and solutions to meet the global gaoinformation and communications needs of
society in the 21st century.

A future multimission system to achieve this will
collect gee-information from a large number of
diverse terrestrial data collection networks, remote
sensing satellites. and global positioning systems.
Due to the importance of space systems in the
development
of
this
market
through

The project team must design a system which:
• satisfies real-time gee-information needs;
• generates economic a ctivity a nd jobs;
• optimizes the efficiency of the deployment and
use of space systems; and,
• is cost-effective for the user.
Key among the various aspects which can be
treated by such a topic is the identific ation,
classification, and assessment of current and
anticipated needs for gee-information. From these,
one can specify the requirements of a future
optimized gee-information a nd related services
provision system to satisfy the needs.

The Maturing Information Age

The MISSION report presents a detailed design a nd
implementation of all elements of a proposed geeinformation system for the 21st century. Before
designing such a system. however, various
organizational, legal. and regulatory issues and
constraints must be identified.
The products and seNices which will result from such
a global integrated system will be described. Only
then can a market forecast be made, and the
overall impact of the products. seNices. and
developments on society be estimated.
For the implementation of such a system. one must
first estimate the system cost and anticipated
revenues based on a specific plan to achieve full
operation within a reasonable period of time, which
has been chosen as fifteen years.
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A suitable organization to set up this system as well
as a business plan and a financing plan to raise the
necessary capital investments can then be
proposed. to fully demonstrate the feasibility of the
p roject.
We live in an age where the "needs" of one person
are the unobtainable dreams and luxuries of
another. Basic human needs- water. food. shelter.
and clothing - are still d ifficult to obtain in many
countries and regions of the earth. The Master of
Space Studies program. reflecting the International
Space University's philosophy of being international.
inter-cultural. and interdisciplinary, has attempted to
respond to these increasing and evolving needs.
and to propose a feasible and realistic geeinformation network which will promote g lobal
prosperity as the information age matures into the
21st century.

Market Analysis
The industrial revolution changed the society in the
19'" century.
These days another important
technology revolution is taking place: the world has
entered the information age.
The easy and
affordable access to fast. reliable. unambiguous
information has become indispensable for today's
society.
The analysis of the future gee-information market is
based on the identification of current and
foreseeable gee-information needs. Physiological
needs. the basis for human life. require careful
management. particularly in todoy's growing
population.
Thus. resource management is a
necessity.
Furthermore. humans are social
and
require
inter-personal
creatures.
communications and societal social contact.
Looking beyond the individual. businesses ore
constantly using traditional data and voice
communications. a s well as services such as telefinance and monitoring of goods.
MISSION's goal is to meet the needs of individuals.
as well as societies. The resulting products and
services will be as extensive and diverse as the
needs which hove prompted their development.
A
gao-information
system
can
provide
comprehensive information which can aid such
industries as aviation. maritime. land transportation.
Individuals can also
surveying. and science.
acquire information conceming positioning and
tracking. the environment. and every day life.
The potential amount of revenue which can be
expected has been analyzed. The estimates have

been generated based on current and predicted
markets for the different applications or services. In
addition to giving MISSION system's share of these
separate markets. on estimation has also been
made for a new market based on services using a
combination of two or more different applications.
What makes MISSION unique is that it can also
provide specialized services that con only be
provided through the combined used of the above
mentioned services. Also. the DIMC provides a
large value-added service which also can be taken
into account.
It is believed that MISSION will capture 25% of the
multi-billion dollar global positioning market within
four years of operation. This projected growth is not
only because of superior service. but also due to
the value added benefits provided by access to
the data center and the possibilities of voice and
data communications.
The estimated amount of revenues which can be
generated for the use of the telecommunications
payload aboard the MEO satellites was
approached by first looking at the capacity of the
entire system to handle voice and data
communications for both fixed and mobile users.
Based on reasonable usage and capacity it is
estimated that the fixed terminals for broadband
data will provide a revenue stream of $500M per
year and that mobile services via hand-held
terminals will be about $2 Billion per year. Finally
one of the keys to MISSION Is the Data Information
and Management Center (DIMC). which will
provide an enormous amount of valuable
information to the customer on demand.

3

Market Analysis

Geolnfonnaflon Revenue Estimates (2014 A.D.)
D Wildlife Conservalion
C Crime Tracking
C Search and Rescue
C Environmental ModeHing
D Earth Mannering
C lectonic Plale Movement
D Meteoralagy
D Precision Farming
D AgricuHure/ Flsheries
D lraffic Management
C Mining
D lnsurance
D Urban Planning
D Cartography
D Regulalion
D Disaster Womlng
D Structural Engineering
D Everyday life
C lracklng
C Fieet Mana men!
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Market Analysis

APPLICATION

POTENTIAL CUSTOMERS

EXAMPLES

MARKETS for the MISSION project

P Rl MARY
Cartography/Mopping

Urban Plomlng

Private Companies
Government Bodies
Private lndMduals
Private Companies
Govemment Bodies

Everyday life (where to
go sight-seeing, where
to Shop. where to get
to>ds. etc.)
Management
Fleet
(oiretofl and Ships, COr$
and lorries)
Traffic Management

Private Companies
Tourism/Rental
Companies
Private lndMduals
Private Companies
Govemment Bodies
Private lndMduals
Private Companies
Government Bodies

Tracking
people/coflle/sheep
etc.
Disaster Warning

Private Companies
Government Bodies
Private lndMduals
Private Compa nies
Government Bodies
Private lndMduols
Private Compa nies

Mining
Regulation
Mo~oring
and Comoliance
AgncuHure/
Vegetation/ Forestry
Precision Forming

Civil/
Structural Engineering

Private Companies
Government Bodies
Private Companies
Govemment Bodies
Private lndMduols
Agro-formlng
Businesses
Private lndMduols
Construction
Companies

A home delivery service Is looking for information on traffic pottems of o city on holidays and
· working days.
A city municipality using gao-Information to understand and regulate the growth at the dly
suburbs etc.
A bonk using gao-Information to plan where to open new branches as o port of their expansion
drive.
A t ourist con gel o printout of the street mop of the city he is going to and even call o taxi.
A penon driving home from worl< con gel directions of how to ovoid o traffic jam and get to
the nearest supermarl<et quickly.
As o real life example. Hillen Hotels Corp. is using GPS technology to track airport Shuttle vans
en route to HiHon hotels.

At the end of o mega-concert. we need o system to direct/channel the traffic to ensure
smooth flow of traffic.
Help people looking for parking spots in the dlles.
Tom looking for his friend to convey the message of on occident (the friend of COUr$9 win hove
the option of selective availability for p rivacy reasons and c on swHch off his transmH!er when
he likes)
Inform lnhob~ants In the villages/lowns/~ies in the Boy of Bengal of on approaching hurricane

Mining companies looking for Information that will help them in mineral exploration In different
ports oflhe world
Global companies like PEPSI• Foods or Hondo looking for regulatory Information in Malaysia
Warning formers of approaching swarm of locusts

AgricuHural engineering wiJ make n possible for the former to sow his seeds for the next season
at let's soy a 5 centimeter offset as compared to the lost season to use the soli nutrients more
uniformly
A construction firm building a dam or a bridge needs Information about the site topology and
later (during the actual construction) information about the tilt/alignment of the structure

SECONDARY
Crime
Tracking (car
theft, tracking prisoner$
etc.)
Wildlife conservation
Search and
Rescue
(leisure/sports/fiShermen
etc.)
Meteorology

Fishing

MARKET-S tor the MISSION proJect

~

Government Bodies
Private lndMduols

Install encoded tronsmHler$ln vehicles to be able to track them in case of lhefl.

Government Bodies
Environment Groups
Private Companies
Government Bodies
Private lndMduols
Private Companies
Govemment Bodies
Individuals
Private Companies
Private lndMduals

Protecting an endangered species of stories by keeping frock of their movements/migration
A trekker In the Himalayas has hod on o ccident and needs to be rescued

Someone wonts to go on holidays and wants to know in detail how the weather Is going to be
in the next few days at his holiday resort
Where to find schools of fish In the ocean...
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Detailed Design
The GEO constellation will receive all of the scanned
data from the remote sensing satellites, and relay it
to the ground stations for processing and distribution
to users. The GEO constellation will also p rovide the
Telemetry, Tracking, and Command of the LEO
constellation.

The MISSION Space Segment

Having assessed the needs of the gee-information
society, a three-orbit constellation of satellites (LEO,
MEO, GEO) and an airborne system is proposed,
which will be completed in stages.
The primary functions of MISSION are to provide
remote sensing data, global positioning data, and
broadband telecommunications functions.

The following table summarizes the distribution of
the space segment:
Constellation
LEO
MEO
GEO

The LEO constellation will contain only a Synthetic
Aperture Radar (SAR) payload, which will provide
10-meter resolution, and has the ability to provide 1meter resolution in the SAR spot-light mode. This
constellation will be complemented by the airborne
system which will provide real-time high-resolution
data over cities. The airborne system has the
added advantage of the flexibility to be
implemented quickly over disaster areas.

Orbit
700km
14,000 km
36,000 km

No. of satellites
64 + 8 on-orbit soares
32 + 8 on-orbit soares
3 + 1 on-orbit soare

The system is technically feasible, and is designed so
that incremental start-up can be achieved. The
problems a nticipated for the system stem from
regulatory matters and the difficulty in the
development of the autonomous aircraft. One of
the major drawbacks of this system is the high
reliance on the future development and
improvement of rada r technology a nd data
processing.

The MEO constellation will provide global position
data for the LEO and a irborne systems as well as
mo bile users. and have the capability to transmit
broadband communications.
This can provide
multimedia, voice, data, and vide o to fixed and
mobile terminals.

•

••
GEO

TORS----::;~--

~Broadband

caonc
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Detailed Design
Data and Information Management

The Data Information Management Center (DIMC)
will be responsible for the collection, processing,
archiving, and d istribution of all required static and
real-time gee-information for the MISSION system,
and will be the Interface between the users and the
data and seNices providers.
The DIMC consists of ground stations, and a hybrid
mixture of centralized and distributed support
centers, and will assimilate the d iverse types of data
in order to provide useful gee-information for the
user. The establishment of the DIMC and the
implementation of its seNices will correspond to the
growth of the overall MISSION system.

Mobile Users

<io und Station

Fixed User

Gateway

Data and

Support Center
(OJ!C)

Data and

Management Center
(DIMC)

In the Mure, information products and tools will
merge towards a powerful new Integrated
Computer
information management structure.
microchips have maintained an exponential
increase in processing capability for over 25 years.
Parallel supercomputers and massive data storage
d isks will become increasingly important for
processing data from the expanding network of
environmental input variables and user requests.
New Space Technologies

In the further system d efinition stud ies in the next
stage of MISSION Implementation detailed
consideration will be given to new technology
expected to emerge in the M ure and particularly in
areas of propulsion, solar arrays, none-technologies,
and high-strength materials.
New advanced arc-jet and resisto-jet propulsion
thrusters may provide satellite p ositioning a nd
attitude control systems which offer considerable
mass savings, which could translate into substantial
financial savings. Future solar cell arrays could a lso
have improved efficiency a nd also, further reducing
weight. None-technologies could also help to
reduce weight and cost of the final MISSION design.
Finally, advanced on-board signal processing and
regeneration can increase the reliability and quality
of seNice In the Ka Band operations by better
overcoming the effects of rain attenuation.

Data and

Support Center
(OJ!C)

Significant challenges for this system include
selection of the number and type of static a nd realtime data sources, the ability to provide sufficient
processing power and storage space at a costeffective price, the required and possible data
transmission rates to satisfy all information requests,
and the amount of investment capital required In
order to commence system construction and to
ensure its continued growth until sufficient system
revenues are generated to be self-supporting.
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Legal and Policy Issues
Institutional Framework

In the initial phase, the MISSION system will be an
international
organization
with
a
structure
comparable to that of INTELSAT. in order allow
private sector participation. Following this. it would
become an international consortium, operated on
a commercial basis. Financial participation would
be open for all parties interested.
This structure for the following reasons :
• government participation will ensure that
certain public services will be provided;
• financing will be shared by the private sector
and governments to attract as many investors
as possible. They will get a return of investment
once the MISSION system is profitable.
• exclusively private financing might result in the
needs of some countries being overlooked;
• less-developed countries would be able to
participate through government investment,
probably the only entity who could afford to
participate.
• The participation of as many countries as
possible would minimize licensing problems.
• global and non-discriminatory access can be
guaranteed.
Regulation

The MISSION system will be licensed and
internationally
co-ordinated by the Australian
communications authority. MISSION will look for
streamlined procedures to transmit signals to and
from all participating countries and territories..
Landing rights will be obtained by MISSION through
a satellite system operator o r through a service
agreement with foreign telecommunication entities
operating in a territory.

regimes. It aims at promoting open market access
on a global basis in the telecommunications sectors
and at developing a stable regulatory framework
for telecommunications. The GATS affect s both
national governmental policies and regulations. as
well as telecommunications operators.
The
Agreement also affects the licensing activity, with
respect to the licensing process and to the licensing
conditions. Another main issue relates to market
access limitations based on spectrum availability.
It is foreseeable that each signatory of MISSION
would abide by the GATS provisions. MISSION will
have to completely centralize the spectrum and
frequency allocation, in d irect link with ITU, in order
to co-ordinate the activity of the administrations of
the different members and to avoid any
overlapping and conflict of interests.
Data Policy

The data policy of MISSION is based on the following
three principles :
All MISSION's data will be available on an open and
non-discriminatory basis t o everyone who wants to
obtain the data.
MISSION retains full title and ownership over the
data and is the holder of the intellectual property
rights. MISSION w ill include in all its agreements with
its distributors that the other party will not obtain any
intellectual property rights. This clause should be
included in all agreements the distributor signs w ith
others.
Data transmitted d irectly to the
MISSION satellites will be encrypted .

end-user by

International Trade And Customs Regulations

Right Of Privacy And Confidentiality Of Personal
Data

MISSION will have consider the complex legal
framework constituted by international trade and
services agreements and institutions concerning the
movement of information. The INTO regime has a
strong impac t on trade related aspects of ITU's
frequency spectrum policy.

MISSION will provide continuous information on a
global scale. Part of this data and information will
be of personal nature, specifically relating to single
individuals; therefore, among the main Issues to be
taken into account, will be the p rotection of privacy
and personal data.

The GATS agreement implements a change in
international trade for telecommunication services.
substantially modifying the nat ional regulatory

The c o ncept of Transborder Data Flows refers to the
risk of circumventing national data protection laws
of a country when transfer of personal data occurs
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Legal and Policy Issues
from a country to other countries which guarantee
a lower level of protection.
Personal data
transmission represents only a minor part of the
global TDF. but it constitutes nevertheless a sensitive
issue. being strictly linked to the concept of right to
privacy.
National data protection legislation contain
common basic provision related to the protection
of privacy and personal data. but fundamental
differences emerge in national data protection
lows. Different international organizations tried to
a chieve an harmonization at international level. but
a gop still exist between North American and
European laws. This situation could constitute a
major limitation in the implementation of MISSION.
Therefore MISSION members will be urged to work
toward a uniform set of national protection policies
through adoption of a model standardized set of
policies.
International Copyright Protection
Copyrights refer to the legal protection of
intellectual works from d istortion or mutilation. A
specific concern will arise in relation to the
protection of intellectual property rights in satellite
signals; in partic ular. the producers of software a nd
programs will be concerned with the p rotection of
their programs from unlicensed use and distributio n
of their satellite signals.
Protection of computer software and protection of
broadcasts will be other specific issues to take into
account.

Copyrights ore protected under national lows. but
no world-wide International copyright protection
exists. The main international conventions aimed at
establishing a multilateral copyright protection do
not establish any code for international protection
of copyrights. The fact that no unified international
protection low exists will have an impact on the
system. Therefore the system will hove to provide by
itself a certain degree of uniformity in notional
copyright lows. which MISSION will a chieve by
seeking improved international unified copyright
protection.
Legal And Political Issues Of GPS
International government policy and regulations
constitute a serio us potential threat to the
development of a commercial GPS system as
foreseen in MISSION. The issues of acceptance.
standards and spectrum management are likely to
constitute major problems for any private or
international GPS system.
The implementation of a new global system requires
co-ordinated action at global level.
A new
international structure could be developed in the
framework of MISSION. in order to achieve an
international unified policy on GPS. global and interoperable standards. and efficient frequency
allocation.
Security Issues
The unique integrated services provided by the
MISSION systems could potentially be used to
compromise the notional security interests of some
countries; however. the institutional structure of the
MISSION system will be organized in such a way as
to exclude the possibility of misuse.
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Cost Analysis
The overall system and capitol cost analysis considers
the cost of the space segment, launcher segment.
ground segment. Insurance. data management and
operation.
The cost of the three satellite constellations and the
airborne platforms ore calculated separately. For
each of the constellations. existing satellites with
similar missions and similar payloads ore used a s a
basis for comparison and cost estimation. To toke
Into account the differences in the satellite
development and production. particularly for
assembly line productions. appropriate adjustments
ore mode.
The cost analysis of launchers was based on the
price per launch as well as on their launch reliability.

The TIC&M ground stations that support the spa ce
segment for each of the three constellations ore
projected to be some 5% of the overall cost.
The Insurance of satellites and launchers ore
considered in pre-launch. launch and In-orbit phose
and constitute 15% of the costs of satellites and
launchers.
The one time set up cost of the Data Information
Management Center and oil the necessary
equipment has been e stimated.
The manufacturing. launch and Insurance costs for
the various components of the MISSION design ore
summarized in the table below:

Unit cost (Million US$)

TOTAL cost (Million US$)

LEO (72 sotellites and 12 launches)
Satellite cost
80
5760
Launch cost
50
600
Insurance cost
954
TIC&M
318
MEO (40 satellites and 14 launches)
Satellite cost
100
4000
launch cost
50
700
Insurance cost
705
TIC&M
235
GEO (4 satellites and 2 launches)
Satellite cost
165
660
launch cost
60
120
Insurance cost
11 7
TIC&M
39
TOTAL SPACE SEGMENT COST
14,208
Airborne Platform ground
1000
TOTAL COST
15,208

-

-
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Business and Implementation Plan
The MISSION system is highly complex and requires a
well structured and organized implementation plan.
Taking into account the financial impact and the
time required to develop. produce and launch the
satellites for each constellation. the proc;:ess leading
to the full operation of the system Is to toke about
15 years. The implementation is divided Into six
distinct phases. each of which is associated with the
set up of infrastructure. hardware and/or
spacecraft.
Phases of the implementation plan
The MISSION system will not be fully operational (i.e.
independent of any other systems) until the year
2015. although complete services will be available
from 2010. Nevertheless. by making efficient use of
existing systems. limited services con be provided
beginning in 2000. As the infrastructure is set up and
spacecraft are put into orbit. the system will
become increasingly independent. The phases to
full implementation ore as follows:
Phase

Year

I. Preparation
II. Early Operation
Ill. Data Center and
Airborne
IV. MEO
V. LEO
VI. Full Operation

1998-2000
2000-2002

Revenues
The potential amount of revenue that con be
expected has been analyzed and Is expected to
reach $14 billion by 2014. These estimates hove
been generated based on current and predicted
markets for the different applications or services. In
addition to the MISSION system's shore of these
separate markets. a new market based on services
using a combination of two or more d ifferent
applications should be considered. For example. it
is expected that the system will capture a portion of
the GPS. mobile telephone and remote sensing
markets. But what makes the MISSION system so
unique is that it con also provide specialized
services that con only be provided through the
combined use of the above mentioned services. In
addition. the DIMC provides a Iorge value added
service which also needs to be token into account.
Token together. MISSION should achieve a great
deal of positive synergy. Brand new markets that
o re currently not clearly identified. may be
anticipated.
Cash flow

2002-2005
2005-2010
2010-2015
2015 and beyond

Financial and business plan
The viability of the MISSION program primarily rests
on the positive balance between the expenses and
revenues. The expenses for the system are divided
into capitol investments and operational expenses.
The anticipated revenue for the system ore:
• Capitol investments
• Operational expenses
• General administrative expenses
• Marketing and advertising expenses
• International operations and travel expenses
• Leased communication line expenses
• Data Relay Services Expenses
• DIMC operations expenses
• Acquired Earth observation data expenses

A comparison of the total amount of cosh available
in a given year with the capitol and operational
expenses shows a positive cosh flow throughout the
15 year implementation plan.
Financing
An analysis of the cumulative revenue for the 15
year implementation period indicates a very
healthy revenue stream for the Iotter phases. The
MISSION system will require over $16 billion in capitol
investment. Because of the st rong revenue stream
beyond 2006. this con be completely financed by
this lucrative revenue stream without external
However. the capitol
sources of financing.
investment and operational expenses for the first 10
years must be financed through loons and
investments. Based on the cumulative capitol
investments required for the first 10 years. about $11
billion will be need for financing through loons and
investments.
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Business and Implementation Plan
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In order to achieve the objectives of MISSION, it is
critical that the needed capital be raised in time
from the various investors and partners.
The
potential sources of funding are: government
Investors, corporate investors, private bank loans,
and bonds, with 25% of the needed capital coming
from each source.
Capital investments, loans and interest payments

The $11 billion from loans and investments will be
used to finance the capital requirements during the
first 9 years. A favorable interest rote of 8% is
assumed for all of these sources. Because of the
small amounts of revenue in the initial stages,
arrangements will have to be made for a deferred
Interest payment plan where all of the interest will
be paid as one lump sum at the end of the 9 year
period. In addition, the loa ns/investments will be
divided into 3 installments such that $4 billion will be
used during the first three years and will accrue
interest over the 9 year period. Another $4 billion for
the next three years will accrue interest for 6 years
and $3 billion for the lost three years.
Risk analysis

One concern for the first five years of the
implementation years is that only one DIMC will be
built. Due to financial reasons, a backup facility
cannot be built until 2005. Because the operation
of the entire system is dependent on this facility, if
anything happens to it, it can jeopardize or even
destroy the system. As for the other facilities and
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satellites, backups have been taken into a ccount
and is not expected to be a critical factor.
The financial plan has taken into account a strict
schedule for the development, production and
deployment of the satellites. Because a slippage in
the schedule can have a large Impact on t he
financial viability of the system, pena lties for late
d elivery must be strictly enforced. Additionally,
incentive payments can be offered for the same
purpose.
The financial plan calls for $11 billion in capital to be
obtained through loans and investments for the first
9 years. Depending on the actual revenue and
expenses during the critical few years, this line of
credit may have to be increased .
However,
because conseNative estimate have been made
for all of the figures, it Is unlikely that this will
necessary.
Estimating the future markets for some of the
applications is very difficult. One which is c urrently
just beginning to expand is GPS. Because we are
offering GPS seNices through a private satellite
system and would charge for services, It is difficult to
anticipate what the market will be like. On one
hand, the US military is offering free GPS use, but on
the other, the MISSION GPS system will offer much
superior c apabilities as well as other value added
seNices.

Benefits to Humanity
Rapid population growth requires new mea ns of
managing the scarce resources of the Earth.
Assessing the needs of the 21" century reveals a
definite need for access to information on a global
basis. New information technologies will improve
the quality of life for many people.
Information technologies can be divided into
different categories of services:
• Value-added
services:
to
utiliZe
the
communications
infrastructure
for
selling
information or special knowledge. Examples a re
traffic and tourist information. route guidance.
car parking. special events. and shopping
services.
• Information services: to encompass remote
sensing data. such as images with GPS time tags
and location coordinates. navigation and
position determination. and communication.
• Transport management services: to include
applications on land. air, and sea.
These
services are a part of the future "Intelligent
Transportation
Systems:
including
fleet
management.
• Emergency location services: to aid persons by
providing information to rescue personnel.
• Audio-video broadcast services: to provide
news. music. video. and others.

to aid In resource management - a particularly
sensitive subject.
Many information related need of today's society
are not covered by the existing technology. The
major need is to provide access to information to
every human on Earth anywhere and anytime.
MISSION can solve some of the problems re lated to
disaster
relief.
transportation
and
fleet
management.
resource
management
and
education in developed as well as less developed
countries.
MISSION is a response to the gao-information needs
of the global community. It comes at a time when
society is entering the adolescence of the
"information age: The MISSION system is designed
to service the Individual and collective information
needs by providing t he right information. at the right
time, anywhere in the world. What makes MISSION
unique
is
its
capacity
to
combine
telecommunications. data collection. remote
sensing. global positioning, and geographic
information systems to deliver value-added
products and services directly specified by the user.

With such a system. there are always user concerns.
In designing the system. one must consider health
risks (from electromagnetic fields). information
security, and ethics. These concerns must be
addressed when considering the system design.

MISSION addresses the strategic needs of society
regardless of cultural. linguistic and regional
differences. It does this while offering a New Space
Market that brings new breadth to the current
In a few words.
space industry environment.
MISSION fuses space and the information revolution
at a time where space Is at a critical crossroads as
we enter the new millennium.

A geo-information system can have tremendous
positive Impacts on society. For example. an
effective warning system based on gao-information
can significantly reduce the number of deaths
caused by disasters. The system can also aid in
urban development. Furthermore. It can be used
as a means of providing education to areas that
would otherwise be unreachable.

The success of MISSION is guaranteed in the fact
that its system gives society a new cost-effective
tool that provides: global coverage. mobility,
interactive products and services. rapid response to
any geographic or logistical contingency, quick
and efficient decision making, and gao-temporalspatial information at all times. This is why MISSION
will capture future markets.

Whether it is realized or not. society becomes
increasingly dependent on information each day.
On a personal level. people expect current news.
information, and weather reports.
From a
commercial outlook. companies are beginning to
rely on geo-information as they attempt to reduce
costs. Likewise. humanity can use geo-information

This endeavor by the masters student s of the
International Space University Is only the first step
toward a viable commercial concept. It offers a
broad glimpse at the characteristics of a
multimission information optimized network. The
design Itself will require further detailing and a
rigorous technical scan. The market analysis will
need the input of qualified market experts who will
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Benefits to Humanity
hove to carry out a thorough study of the potential
markets for such a system. Furthermore. a study
should be performed to gauge the Interest of
potential investors.
An essential ingredient to MISSION's success will be
a commercial approach that combines business
skills and market savvy with space and information
technology. Another important aspect will be how
well the legal and policy aspects are tackled.
The institutional framework of MISSION proposes a
new paradigm in business organization:
an
international organization that partners commercia l
companies and governmental agencies in a new
realm of international cooperation. This structure is
designed to foster a strong business initiative
coupled with an efficient service to humanity.
Access to as many countries as possible will be
provided to minimize licensing problems and ensure
global.
non-discriminatory. full-time access to
MISSION's customers.
The implementation of a new global system would
require coordinated action at a global level.
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The ground work for this International Initiative
should be prepared well in advance. and executed
with utmost care. A sustained effort. over the next
10 to 15 years. will be critical to MISSION's success.
As MISSION grows. so should its technical
capabilities and its applications spectrum.
MISSION is also unique in its design process. It
addresses the issue at hand from an interdisciplinary
perspective. dealing with such diverse topics as
engineering. design. management. financial.
societal. legal. and policy issues. Thus. it is a systems
approach taken to a higher level:
the main
components of the MISSION concept are a
reflection of the major issues in society (law. culture.
territory, people, etc.).
This report is the result of a few weeks of intensive
work by an interdisciplinary c lass of students from 23
d ifferent countries. It has been a challenging
student-led effort; however. it is time MISSION left
the classroom to become a visible rea lity and face
the harsh environment of g lobal commercial
competition.

The Master of Space Studies Program
In September. 1996. 34 students from 23 countries
came together in Strasbourg. France. to participate
in the second year of the Master of Space Studies
(MSS) program at the central campus of the
International Space University (ISU). In addition to
the international mix of students. a wide range of
academic and professional disciplines was
represented. and this diversity in the group
translated into a rich forum for discussion. learning,
growth, and generation of ideas.
A report on the Team Design Project was one of the
products of the 1996-1997 MSS class. Lectures.
individual projects. and placement periods at
space-related host institutions all occurred
concurrently with the development of the report. It
is the result of teamwork and cooperation in a
multicultural and multidisciplinary environment. The
report is the result of a unique educational
experience at ISU of great value. both personally
and professionally, which the students believe can
be found at very few places on this planet.

The student team started the academic year with a
very broad requirement. to address the subject of
·New Space Markets• as a Team Design Project.
using space and ground assets and technology for
Improving life on Earth in an economically
provocative manner. Realizing the necessity to
focus their efforts. the students went though several
stages of research followed by activities serving t o
narrow the objectives of the group. This was a very
creative. and sometimes d ifficult process. which
resulted in the creation of a new global system.
Multimission Innovative Space Systems for an
Information
Optimized
Network
(MISSION).
presented in the report. is a system which provides
gee-information to a nyone. anywhere. and at a ny
time. Its goal is to improve the quality of life for
people through information access.
Although the report describ es MISSION at a
preliminary level. the implementation of the
program was in the minds of all of the stud ents while
creating the concept. They believe that this report
presents an innovative. realistic and feasible
contribution to improving the quality of life on Earth.
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CHAPTER 1
Purpose and Overview of MISSION

MISSION

1.1

Introduction

We are entering the adolescence of the information age. It will be a period which is marked
by significant growth, change, and maturity in the diversity of information-related services.
The maturity of advanced information systems and global gee-information networks will
affect most areas of human activity worldwide.
Gee-information is the information related to the position, changing status, and
environment of any person, object, site, or event referenced by coordinates in space and
time. It is the primary focus of the MISSION (Multimission Innovative Space Systems for an
Information Optimized Network) project.
Gee-information is increasingly critical for management and decision-making, such as
environmental monitoring in routine or crisis situations, traffic and vehicle fleet
management, and commercial or recreational human activities. Due to the importance of
space systems in the development of this market, through telecommunications, remote
sensing, and Global Positioning System (GPS) satellites, the gee-information market must be
considered primarily as a space market, although terrestrial elements are also crucial.
Information on a planetary scale is at present increasing 200,000 times faster than the
population. Because of its economic importance and day-to-day benefits, a large market is
emerging to produce and commercialize gee-information products and services, and to
integrate them with other existing products. A future multimission system to achieve this
will collect gee-information from a large number of diverse ground data collection, manned
or autonomous aerial (aircraft, helicopter, drone, balloon) platforms, remote sensing
satellites, and global positioning systems. For this reason, this study of the new space
market of gee-information has been undertaken by the 1996/97 Master of Space Studies
(MSS) class at the International Space University (ISU). Specifically, the primary goal of the
MISSION report is:
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To establish an integrated spacebome, airborne, and terrestrial-based system
which provides cost-effective services and solutions to meet the geoinformation and communications needs of society in the early 21st century.

Why multimission?
One of the essential objectives of MISSION is to reduce costs. By combining remote sensing
and telecommunications payloads on its INSAT series, the Indian Space Research
Organization has calculated that it has halved its development and operations costs,
compared to these costs for separate dedicated missions. New communications satellites
being planned for the 21st century are, through digital integration, able to provide a wider
range of services.
Why integrated?
To eliminate unnecessary redundancy, duplication of effort, and re-development of existing
products or services. This integration and economies of hardware will help further to
reduce costs.

It should also serve to conserve the frequency spectrum.

Moreover

integration allows a better quality of products and services by tying together in a very
effective operational way various data acquisition and processing facilities, allowing a
unique space-time cross referencing of data and systems.
Such an ambitious and wide ranging study cannot be reasonably made in detail within the
very short period available for the MSS Team Project. Thus some essential tasks must keep
priority, while others are treated in a preliminary way, to be addressed in more detail by
future groups.
For this study, three strong goals were identified:
•

assessment of needs from a new perspective: the purpose of this goal was to
reveal some of the essential, yet hidden, needs of human beings
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•

meeting the needs of a new market: the demands for an integrated global geeinformation and communications market are manifest in terms of costeffectiveness, technical opportunities, and global demand

•

·definition of a new system: .this was achieved through an innovative
combination of telecommunications, remote sensing, and global positioning

The project team has designed a system which:
•

answers real-time gee-information needs

•

generates economic activity and jobs

•

optimizes the efficiency of the deployment and use of space systems

•

is cost-effective for the user

Key among the various aspects which can be treated by such a topic are the identification,
classification, and assessment of current and anticipated needs for gee-information.
Simultaneously, the present systems and market for gee-information must be assessed to
find the starting point of the evolution process to be studied. Chapter 2 presents both of
these assessments.
From the identified needs, and an assessment of the present-day situation, the requirements
and specifications for a future optimized gee-information and related services provision
system are derived. Chapter 3 presents this conceptual design.
Chapter 4 presents the detailed design and implementation of all elements of the MISSION
gee-information system, and additionally suggests how future technological developments
could enable this implementation in more cost-effective and efficient ways. Additionally,
the need to manage the information must also be considered, in order to organize, store,
index, and retrieve efficiently Terabytes or even Petabytes of data which the diverse
multitude of future sensors and satellites will generate, and to exchange them on different
networks, in different countries, and in different formats.
While designing such a system, many constraints must be identified and considered.
Chapter 5 discusses the organizational, legal and policy aspects of such a future integrated
Purpose and Overview of MISSION
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system which must be taken into account during the planning, specification and technical
design of the ground and space segments.
In Chapter 6, the products and services which will result from -this integrated-system are

described.

Only then can a market forecast be made, and the overall impact of such

developments on society be estimated.
For the implementation of such a system, the system costs and anticipated revenues must
first be analyzed and estimated based on a specific plan which links the preliminary
assessments to full operation within a reasonable period of time, which has been chosen as
fifteen years. A business plan and a systematic approach to financing in order to raise the
necessary capital investments can then be done to demonstrate fully the feasibility of the
project.

Since the MISSION system will operate on a commercial basis, a thorough

financing strategy must be established, based on an analysis of the projected revenues and .
overall system costs. This is presented in Chapters 7 and 8.
Such a future commercial gee-information system raises many questions, for example
concerning health, ethics and security. In chapter 9, the humanitarian benefits of the system
and the impact of such a system on individuals, society and humanity, whether they are
positive or negative, are discussed.
Chapter 10 presents the conclusions of the study and future work.
We live in an age where the "needs" of one person are the unobtainable dreams and luxuries
of another. Basic human needs- water, food, shelter, clothing- are still difficult to obtain in
many countries and regions of the Earth. The Master of Space Studies program, reflecting
the International Space University's philosophy of being international, intercultural, and
interdisciplinary, has attempted to respond to these increasing and evolving needs, and to
propose a feasible and realistic geo-information network, which will promote global
prosperity as the information age matures into the 21st century.
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2.1

Introduction

The industrial revolution changed the society in the 19th and 20th centuries. These days,
another important technology revolution is taking place: the world has entered the
information age. The easy and affordable access to fast, reliable, unambiguous information
has become indispensable for today's society. New space based technologies can satisfy
these demands. Indeed, some rural and isolated areas do not even have access to basic
communications services such as telephony. Only a space-based information system will be
able to reach those areas and provide access to information on an affordable and global
basis.
Currently available technologies do not sufficiently satisfy all the information needs of the
society. Needs are not only the drivers for the development of new technologies, but when
they are properly treated can lead to the creation of new markets and jobs. The information ·
market, based on the major needs and the current status of technologies is assessed in this
chapter. How can space-based technology affect the market?
Today different terrestrial and space-based systems provide many information services such
as positioning and navigation remote sensing data, as well as communications. The existing
systems thus play a major role in the global information structure but cannot satisfy all the
demands of the market. User requirements such as accuracy, global availability and system
integrity determine the future development. Ceo-information services, provided by highly
integrated systems and sophisticated end user equipment, will determine the market of the
21st century.
The following a priori market analysis (as defined below) is the basis for the conceptual
design of an international global information system, the MISSION system.
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2.2

Analysis of the Present Available Market

2.2.1

Methodology

The market is defined as the set of actual and potential consumers and their needs for a
product or a service. The research approach used in this analysis is based on available
information, described in governmental and commercial publications, such as the NAPA
(National Academy of Public Administration) & NRC (National Research Council) Industry
Survey from 1995, the Space Industry Outlook of 1997, the International Engineering
Consortium and the Euroconsult report on Satellite Communications and Earth
Observations from 1995 as well as other referenced sources that include the Asia-Pacific and
other sectors of the world.
The identification and classification of the needs is followed by a description of the present
products and services. Applications of the existing space-based information systems are
compared with the assessed needs. The market is divided into major segments related
directly to both the space system and the earth segment [Euroconsult, 1995]. The market
analysis also provides answers to questions like who uses and will use the existing and
planned space-based information infrastructure and what are the user requirements. In
addition, the regional distribution of the users and its influence on the market is analyzed.
The analysis of the present market is the basis for the forecast of the future market. Demand
indicators will be the foundation to estimate the future demand for space-based information
systems. The demand forecast is based on the product level (products and sales), on a
geographic level (customer and region) and on a medium-term period (10 to 20 years). For
the prediction of the demand, published data are used. There is almost no information on a
market for combined and integrated space systems. An estimation based on available data
for the different market segments is provided.
The conclusion gives the rationale for the need of a new integrated and global geeinformation system, such as MISSION.
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2.2.2

Assessment of the needs

The analysis of the future gee-information market is based on the identification of current
and foreseeable gee-information needs. The first step is to identify, classify, and analyze the
types of needs which already exist and will exist in the future, and the types of information
which are and will be required to meet those needs. This will provide the basis for the
assessment of the different types of information needed, how this information shall be
accessed, and how information technology will develop.
According to Maslow's pyramid [ISU, 1995] the basic human needs are physiological needs,
safety, social needs and communications, needs that are necessary to sustain a fully
rewarding life, including self-esteem and recognition. In many places on Earth not even
these physiological needs are fully satisfied.
Physiological needs, the basis for human life, require careful management of the scarce
resources of this planet. Rapid population growth has led to a fast increase in consumption
of natural resources such as food stocks, water, minerals, oil and gas.

The effects of

environmental pollution strongly influence the availability of these remaining assets. An
improvement of resource management has become a necessity. The customer demands not
only gee-information data, including time and location coordinates, on a global basis, but
also the quick dissemination of this information to the user, so that he / she can take the right
action.
Humans are social creatures. It has been estimated that up to 90 percent of human contact is
intended just to satisfy these social needs. Primary among these needs are inter-personal
communications, but the need for social contact extends to leisure, recreation, and
entertainment.

In particular social needs include commerce and trade, inter-societal

information exchanges, co-operative programs, and friendly international competitions,
such as athletic events. Individuals and societies will continue to demand improved access
to information to be able to better plan their daily activities.
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Business communities in the 21st century will need in addition to traditional data and voice
communications, services such as tele-finance, tele-shopping, improved transportation and
monitoring of goods, which will be essential to their prosperity, and even survival.
How can the identified needs be satisfied? The global gee-information network will be a
key element in meeting the needs of individuals, as well as societies, and this is the goal of
MISSION. The resulting products and services will be as extensive and diverse as the needs
which have prompted their development. In addition to the technical design, such issues
as political and ethical concerns, and economic conditions which may affect the ability to
implement or purchase such services, have to be taken into account.
The 21st century gee-information system could thus address itself to the needs which
require advanced technology, careful system network planning, ingenuity in system
engineering design, and an efficient management and operational structure.
Individual and societal needs can be classified according to the mix of gee-information
required, namely:
•

Geographicallocation

•

In-situ gee-information

•

Remotely-sensed gee-information

Position determination data play a significant role in today's information market. Satellite
navigation systems such as the existing Navstar GPS and GLONASS can provide location
coordinates and time with quite high accuracy.
In-situ gee-information is either environmental data collected through in-situ sensors or
other data relevant to the site of interest and coming from any other source. These are
fundamental to replenish GIS layers, to interpret remote sensing images and for decision
making in general. Remotely-sensed gee-information refers to any properties of the Earth
or the atmosphere which are measurable. The primary sources of such gee-information are
airborne systems and remote-sensing satellites which orbit the Earth, using active and
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passive instruments to measure a wide variety of terrestrial properties. The data are then
interpreted and put into a form which allows users to gain the insight they are looking for.
The communication services, necessary to transfer the gee-information to the user, include
audio and video communications (traditional telephone connections and radio broadcasts,
tele-services). Data communications cover a broad spectrum of bandwidths such as for
example store-and-forward messaging systems and other kinds of data communications,
which could be interactive in real-time.
Essential user requirements for increased access to information in the early 21st century are
determined

by

accessibility

and

availability-on-demand,

unification

of

services,

affordability and reliability, quality of services, system integrity and real-time and
interactive information.
The needs of the 21st century, though similar to the current ones, will have additional
complexities resulting from a continually increasing population, the need to maximize the
available resources, rapid technology development, the demand for more leisure time and
recreational facilities, and increased competition in business. Thus, the future information
systems must not only be efficient, but also effective, in order to satisfy the complex
demands of the early 21st century.
The identified and classified needs are summarized and listed in table 2.1. The table
provides an overview of current and future needs. The needs have been classified in
according to the information services that they require.
Table 2.1
note: 1=most likely

Classification of information needs
2=posslble

3=not very likely

REQUIRED TYPES OF INFORMATION
NEEDS

AudioNolce

"'""

VIdeo

Data

Position

-As

POSITIONING and TRACKING

People/Animals

2

3

Individuals

1

2

Prisoners

1

Pets
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1

2

3

1

3

1

3
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Wildlife, for conservationists

1

Cattle, for ranchers
Fish, for fishermen
Armies and peacekeeping missions

1

2

Emergency services

1

2

Vehicles (cars, trains, buses, trucks, taxis,

1

1

2

1

2

2

1

1

1

1

1

2

1

2

1
1

1

ambulances, police cars)
Ships, submarines

1

1

1

Aircra!Vspacecrah

1

1

1

1

2

Cargo (boxcars, ship containers)

1

3

Missiles

1

1

Houses, real estate, property

1

Package tracking

2

2

3

3

Minerals (mining)

2

1

Rivers

2

1

Tectonic plates

1

2

1

Forests

1

2

1

2

2

3

1

2

1

Crime locations

1

Disasters (floods, riots, earthquakes, volcanoes,

1

1

hurricanes)
REQUIRED lYPES OF INFORMATION
NEEDS

AudioNoice

Video

Data

Position

AS

ENVIRONMENT
Weather (short-term and long-term)

1

1

Volcanoes

1

1

2

Earthquakes

1

1

2

1

2

Crop Yields

1

1

2

Ozone Depletion

1

1

1

Global Warming

1

1

Insect (locust) concentrations

1

1

Tsunamis (tidal waves)

2

1

1

2

2

Floods

1

1

2

Droughts

1

1

2

Stock market prices, exchange rates

1

1

Crime

1

1

Technology Developments

1

Pollution (production of)

1

1

2

1

1

1

1

Urbanization (growth rates, land usage)

1

1

EVERYDAY LIFE
Weather prediction

1

1

1

2

1

Traffic information

1

Phone numbers, Addresses, URLs

2

Prices of Consumer Goods

2

2

1

Where to Find Products (where to shop?)

1

1

1

1
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Location of family

1

3

Community Events

1

1

1

1

1

Status of family, friends

1

News (political, sports, leisure, etc.)

1

3

1

1

Directions. maps

2

How to do something at home

1

2

1

Games/Sports

1

1

1

literature (books, magazines, brochures, newspapers)

1

Time/Date

1

STRATEGIC INFORMATION NEEDS
Immigration & migration worldwide

2

1

1

3

1

1

1

3

Value of property

1

3

Maps

1

2

2

2

Space debris tracking

2

Status of property, real estate, houses

Border surveillance for illegal immigration

2

1

Refugee camp monitoring
Agriculture

2

1

2

1

2

1

Land usage

1

1

Soil composition

1

2

Soil hydrology (drainage. humidity)

1

2

Crop yields

1

2

Health of crops

1

2

Desertification

1

1

Pollution production, movement

1

1

Ozone layer depletion

1

1

Land usage

1

1

REQUIRED TYPES OF INFORMATION
NEEDS

· AudioNolce

Video

Water (levels, quality, composition)

Data

Position

RS

1

2

1

1

OTHERS
Astronomical observations
Medical monitoring

2

1

Near earth asteroid warning

1

2

1

1

COMMUNICAnONS
Travel (in car, airplane, train)

1

1

Telefinance (money transfer by wire)

1

Teleshopping (buying things electronically)

1

1

1

Telemedicine

1

1

1

Personal emergency (get help)

1

3

3

Business conversations

1

2

1

1

2

1

1

Internet access on the road, outdoors
Telephone conversations

1

File transfer business-business

1
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Television
Radio
note: ! ..most lkely

2..poulble

3=not very lkely

'Remote Sensing

2.2.3

Present systems, products and services

Now that information needs have been researched and categorized, it is necessary to
analyze the space-based systems which satisfy those needs. Do the existing and planned
information systems also cover future applications which will result from future needs? To
answer this question, it is necessary to understand the systems that exist now or will be
operational five years from now, and their applications.
Applications of existing and planned systems

An application is defined by an information need which is particular to a specific activity or
group of people. Examples of applications are direct-to-home satellite broadcasting, GPS for
aviation, and soil classification from remote sensing satellites.
Position Determination and Navigation

The Global Positioning System (GPS) has many commercial applications that have a strong
impact on today's economy. GPS meets market demands and technical demands at lower
cost and better performance than other technologies, thereby continuously creating new
markets and product services. The main applications are:

Aviation. A big potential market for GPS air transportation can be found in both the
developed and the developing countries.

In developed countries, this would be an

augmentation of existing systems while in many developing countries, this will be largely a
new capability. Gaps in air traffic control infrastructure not only leads to severe safety
problems, but it also creates fuel insufficiencies, weather related difficulties and traveler
delay. The advantage of the GPS system, contrary to conventional technologies, is that it
provides navigation, velocity, altitude, and orientation information during all phases of
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flight. A Wide Area Augmentation System will help to meet the most demanding aviation
requirements.

Maritime. GPS means higher safety for maritime users. For example all US flagged oil
tankers have to be equipped with GPS receivers [NAPA, 1995]. With the aid of the
differential GPS system it will be possible to monitor and control tanker fleets. The accuracy
required for this application is 8-10 meters. [NAPA, 1995]

Land transportation. The major business initiatives are to create an intelligent transportation
system that includes mapping and real-time positioning. Linked to a mobile phone, GPS
makes tracking of hazardous cargo, fleet management and emergency road services
possible. Another application will be GPS-equipped farm machinery that allows, with the
aid of space-based remote sensing, to get information on the crop, to measure the yield and
to optimize the use of fertilizer and water, thus increasing the overall output. For these
applications an accuracy of 5-30 meters is required.

Surveying and mapping. This is one of the oldest commercial GPS applications.

One

application is the development of accurate maps and the creation of an international GIS
system. GPS surveying technologies are increasingly used in developing countries to build
roads and pipelines, and to improve the infrastructure in general. Oil companies use it for
precise location of drilling sites and positioning of drilling equipment.

Scientific applications. Every scientific discipline that is related to the position and movement
of large objects benefits from GPS. Zoologists studying the migration of birds or elephants
use GPS to record position and velocity. Biologists studying the dispersion of hardwood
trees in a forest also use GPS. Geologists monitoring the movement of tectonic plates use
GPS. The list of applications is nearly endless.

Timing. The precise timing and frequency information provided by GPS is very valuable for
communications industries.

For example, Motorola uses GPS for timing their cellular

communications system. GPS will make it possible to manage data by tagging it with time
and location coordinates.
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Space. Another market opportunity is orbit tracking and attitude determination of satellites
with GPS. This is already done mostly for low-Earth orbit systems, but experiments have
been conducted to assess whether satellite tracking at altitudes above the GPS constellation
is also possible.
Table 2.2 gives an overview of current and predicted applications that will determine the
future GPS market:
Table 2.2

Overview of current and predicted GPS • applications

Aviation

Maritime

Land-Transportation

Surveying

Scientific

Oceanic and en

Navigation of ships

Intelligent Vehicle-

Electronic

Hazardous waste

Highway System

benchmark

site investigation

Operation

providing absolute

route navigation

reference of
latitude, longitude
and altitude
All weather

Search and rescue

approaches

Accident location

High precision

Ground mapping

studies

surveys in minutes

of ecosystems

by everyone
Direct routing of

All-weather harbor

Highway

Efficient and

Oil spill tracking

aircraft for fuel

approach navigation

construction

accurate photo

and cleanup

savings

survey

Air surface traffic

Positioning of buoys

Navigation for

Oil and mineral

management

and maritime nav-

drivers

prospecting

Fleet management

National Spatial

aids
Precise airfield and

Location of

landing aid locations

commercial fishing

Data Infrastructure

traps and gear
Global air space

Offshore drilling

Monitoring status of

management

research

bridges

Monitoring aircraft

Monitoring

Robotics for

locations in flight

deflections in dams

construction

as a result of
hydrostatic and
thermal stress
changes
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Ice breaking and

Railroad fleet

monitoring icebergs

monitoring train
control and collision
avoidance

Observing tides and

Ambulance, police

currents

and fire department
dispatch

Weather, Science,

Location of

Road service

containers in marine

locating disabled

terminals

vehicles

Recreation

Law Enforcement

Timing

Tracking and

Forest area and

Timing for

recovering stolen

timber estimates

messages

and Legal Services

Space
Radiosonde

Agriculture

Hiking

vehicles
Measurement of Sea

Orienteering

Tracking narcotics

level from satellites

Identifying species
habitats

Navigating and

Maintaining security

Fire perimeters

controlling space

of high government

vehicles

officials on travels

Monitoring

Border surveillance

Water resource

Measurement of

Measuring and

Locating property

atmospheric

recording property

boundaries

humidity from

boundaries

earthquakes and
tectonic plates
Measurement of
ground sinking

ground
Precise global

Plowing, planting

mapping of

and fertilizing

ionosphere

without operators
(robotics)

Remote sensing applications
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Most remote sensing applications are related to providing strategic "big-picture"
information to high-level decision makers. The increasing demand to organize our activities
and quantify their associated effects on the environment requires homogeneous, repetitive
and continuous coverage of the Earth's surface in a reliable and cost effe~tive way. , .
The growth of Earth Observation applications will continue to expand as new applications
appear. It is evident that the remote sensing market, has not reached its full potential.
There is a large interest in the subject, yet space remote sensing has not shared the success of
telecommunications and remains predominantly underdeveloped.
Applications of remote sensing data cover research and commercial activities. A brief
overview of current and future remote sensing applications is given.

Weather forecasts are probably the most known use of satellite remote sensing data. Satellite
measurements of surface- and upper air winds, atmospheric temperature are the key factors
in numerical weather prediction.

Disaster assessments of problems like floods, earthquakes, mud-slides and volcano eruptions,
which endanger human life, can be more easily done with the aid of earth observation data.

Resource management, necessary to locate new and scarce resources of the Earth, utilizes very
high resolution satellite data combined with conventional survey techniques.
In oceanographic applications satellite measurements are used to gain better information on
fishing grounds, ocean wave forecasting for ship routing, oil spills.

Ice monitoring is an operational service that results in improved safety for ships and reduces
operating costs through optimal routing of ships in regions where the sea is covered with
ice.

Coastal zone management benefits from remote sensing information on changes in
sedimentation, water quality, and sea surface temperature.
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Climate change research requires global data for the development of consistent models of
climate change

Forestry services need satellite measurements for the determination of the health status of
vegetation and for monitoring the amount of rainfall.

Agriculture.

Satellite monitoring provides valuable information, such as crop health

statistics, mapping information and harvest prediction to the government, private
organizations and individual parties like farmers whose success or livelihoods are
dependent on agriculture and other renewable natural resources.
Remote sensing data for agricultural applications can be separated into three categories
•

land classification,

•

monitoring crop production,

•

identification of locust problems and crop diseases

These applications are of great importance to politicians deciding on support strategies for
farmers as well as to the individual farmer who has to decide when to harvest crops. To
meet the users' needs, a wide range of concepts have been developed. Almost all the
agricultural applications use the characteristic 'spectral signature' of vegetation in the
optical domain, often summarized in the form of 'vegetation index'.
Despite of the well established data processing methods, the limiting factors in applying
them to real agricultural problems are often the logistical constraints. For example, current
satellite systems have difficulties in meeting the requirements in terms of repetition of
measurements and their quality with respect to the spatial resolution.
Satellite data have many potential applications and can assist in the future development of
the information society.
Telecommunication
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Telecommunication is the link between the information source and the end-user.

To

transfer gee-information a communications infrastructure is needed. Telecommunication
includes services such as paging, voice, data, fax, e-mail and broadcasting of information
like "direct to home television. These services can be

receive~

by fixed . or mobile ground

stations. Some more possible applications are described in the following part.

Mobile communications services.

The ability to provide any time and any where

communications is one of the most rapidly growing space telecommunication services. At
least eight new systems (for example, Globalstar, Iridium, ICO, Odyssey and others) have
been or shortly will be deployed on a global or a regional basis. This can include executive
mobility to rural and remote areas.

Video on Demand. Video-on-demand can be considered as a substitute for the video rental
store by offering on-line a more convenient access to videos.

Present markets and

expanding future markets will be the use of such on-line videos on airplanes, in video rental
stores, museums, schools and hotels. The applications vary from simple entertainment up
to educational purposes.

Internet. By offering a simple system of linking multimedia resources through an easy-touse graphical interface, the "Web", a worldwide data distribution network, satisfies the
needs for information access and dissemination. In addition, Internet users have access to
Virtual Electronic Libraries, magazines, newspapers and other data resources.

Home Financing. Clients need to be connected to their bank's computers to check balances,
transfer funds, and make payments. Many banks are actively promoting the use of on-line
banking services as it reduces administrative costs and increases efficiency.

TV Shopping. Interactive shopping is an application, which could revolutionize our buying
habits. "Using a joystick and a television screen, users "walk through" virtual shops and
select products by pointing and clicking. Shopping can be personalized by scanning an
image of the user and superimposing it over clothing to see what they would look like."
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Electronic money. Several initiatives are trying to develop secure electronic payment systems
to provide the future customer with security on credit card transactions for instance.
Nevertheless a lot of problems are to be seen in encryption technologies and security
constraints which have to be overcome in the future.

Other on -line services. Information searching and retrieval tends to rank high in the demand
for interactive services. The primary way of obtaining information interactively is through
on-line services. In the United States, this has been provided mainly via commercial dial-up
services; in other countries via videotext systems. Information available on these services
include electronic telephone directories for instance, all kinds of news as well as travel
timetables and financial information. Nowadays the Internet has overtaken all these tasks
to satisfy the demand.

Video Telephone. Since videophoning allows group videophoning the call charges are higher
in this cases. Demand for videophones will also enhance ISDN sales due to the higher
bandwidth that it is able to offer. The still too small number of network users and the high
terminal set prices are preventing an increase in the number of consumers. The demand
might be stimulated by adding extra services or features.

Video Conferencing.

Video conferencing, the real-time exchange and viewing of video

images between two or more locations, is the basis for many planned advanced
communications applications in business, education and health. Video conferencing is
useful for organizations to reduce efforts in time and travel for the personnel in many
business sectors. Tele-education and Tele-medicine Services are able to serve remote areas
with lower infrastructure.

Electronic Mail. The Email Service is already established in such a way that telex, facsimile
and even postal mail have to share this market.

Electronic Data Interchange. The electronic exchange of forms, referred to as electronic data
interchange or EDI, among purchasers, suppliers, insurance companies, financial
institutions and government agencies can save time and reduce errors. Electronic document
The Information Market

23

MISSION

exchange also reduces the need for large inventories since orders can be processed more
quickly. These efficiencies result in a cheaper and more productive service. Regarding the
growing global trade of goods and services EDI will become a more and more important
issue.

Electronic democracy.

A revolutionary use of information infrastructures could be the

development of electronic democracy allowing citizens to express their opinions about a lot
of public and political concerns. Today this goes through such means as telephone calls, fax
and mailings. A faster feedback will be available for the "electronic surveyors" and the
number of electronic elections for instance can be increased due to the easy process.

Broadband telecommunications. There is likely to be a large number of broadband services
(T.l to T.3 --i.e. 1.5/2 Mbps up to 45 Mbs/51.87 Mbps) that evolve in the 21st century.
These high data rate applications will include Tl or high rate Internet access, high definition
television, interactive CAD/CAM, science projects (i.e. interconnection of astronautical
telescope for simultaneous observations, tele-presence, etc.)
Systems and Services
Satellite Navigation Systems
The first operational satellite navigation system was the US Navy TRANSIT system.
Operations started in 1964. It had been replaced by Navstar GPS. All existing satellite
navigation systems are government owned. The service is provided without direct charges.
GPS operation and system maintenance is government funded, thus indirectly financed by
the end-user through taxes.
The commercial satellite navigation market is determined by the equipment sales, software
development and value-added services. Navstar GPS (US) and the Russian GLONASS
system can be used for position determination, tracking and timing. These applications can
be combined with remote sensing, data collection and communications. To provide a better
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understanding of the services offered, the parameters of the systems are listed in table 2.3
and 2.4 and operations are explained.
NavstarGPS
Three segments form the system architecture. The space segment, the control segment and
the user segment.
Table 2.3

GPS system parameters.
24 (26)

Number of satellites
Number of orbital planes

6

Inclination (degrees)

55

Orbit radius (km)

26,561.75

Orbit period (hr:min)

11 :58

Ground track repeat

1 sidereal day

Carrier signal (MHz)

L 1: 1575.42
L2: 1227.60
C/A code on L1

Code

P(Y) code on L 1 and L2
Access method

COMA
CIA code 1.023

Code frequency (MHz)

P(Y) code 10.23
Coordinate system

WGS-84

Time reference

UTC (USNO)

Selective availability

Yes

Horizontal accuracy

10m2 drms

(Standard Positioning Service)

(95% probability)

Anti-Spoofing

Yes

GPS is a one-way ranging system. The signals are transmitted by the spacecraft but the u ser
cannot send any signals back to the satellite.
Two levels of services are offered, the Standard Positioning Service (SPS) and the Precise

Positioning Service (PPS).
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The Standard Positioning Service (SPS) is a positioning and timing service which is available
to all users on a continuous, global basis. It uses the L1 frequency which contains the
coarse/ acquisition code {C/ A) and a navigation data message. The positioning accuracy of
this service is 100 meters (95%) horizontally, and 156 meters (95%) vertically and time
transfer accuracy to UTC is within 167 nanoseconds.
The Precise Positioning Service (PPS) is a highly accurate military positioning, velocity and
timing service, which is available on a continuous, global basis to users authorized by the
US government. P(Y) code capable user equipment provides a positioning accuracy of at
least 17.8 meters horizontally, 27.7 meters vertically and time transfer accuracy to UTC
within 100 nanoseconds. The data are transmitted on both the L1 and L2 frequencies. It is
primarily for US military users but limited, civil use of PPS, can be considered upon request
and authorized on a case-by case basis, provided that it is in the US national interest to do
so, that specific GPS security requirements can be met by the applicant and a reasonable
alternative to the uses of PPS is not available.
GLONASS
The Russian satellite navigation system is comparable to the US system. It was developed
by the Russian military but is being used by a wide variety of military, civilian and scientific
users.
Table 2.4

Summary of the system characteristics
Number of satellites

24

Number of orbital planes

3

Orbit inclination (degrees)

64.8

Orbit radius (km)

25,510

Orbit period (hr:min)

11:15

Ground track repeat

8 sidereal days
1 sidereal day for next slot

Carrier signal (MHz)

L1 : 1602+0.5625n
L2: 1246+0.4375n
n+1,2, ...... 24

Code

CIA code on L1
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P code on L1 and L2
Future: CIA code on L2
Access methods

FDMA

Code frequency (MHz)

PZ-90

Coordinate system

UTC (SU)

Time reference

no

Selective availability

< 30m 2 drms (95% probability)

Horizontal accuracy

No

Anti-Spoofing

No

GLONASS and GPS are very similar in their basic concept. The most significant difference
is the frequency. GLONASS receivers have wider bandwidth and combined with GPS have
many advantages, such as improved accuracy. The GLONASS frequencies, however, for
reason of frequency coordination and assignment are not available in a number of countries.
There is no degradation of the signal. The constellation offers an improvement of the
relative geometry due to the inclination of the satellite orbits, which results in an enhanced
availability, improved visibility and higher absolute accuracy in urban or mountainous
environment. Combined receivers are available on the market.
GNSS
ESA, the Commission of the European Union (CEU) and EUROCONTROL have developed
the European Satellite Navigation Program (ESNP) which emphasizes the step by step
implementation of a global satellite navigation system under civil control. The results are
GNSS-1 and GNSS-2, programs funded by the ESA member states. The system design will
be driven by the demands of civilian users. GNSS-2 will provide an optimal service to
satisfy user n eeds directly without the need for augmentations. It will meet multiple user
requirements and offer the possibility to integrate cost recovery mechanism.
Remote Sensing Systems
A variety of instruments are flown on space missions, employing both active and passive
sensing technology. These instruments provide a huge amount of information on a diverse
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range of geographical parameters and phenomena; This information is of great value to
different disciplines, such as atmospheric chemistry, atmospheric physics, oceanography,
ocean biology, land studies and solid earth.

CEOS (Committee of Earth Observation

Satellites) agencies are planning more than 80 missions for operation until2010 This mission
will fly over 200 different instruments, which are expected to provide measurements of
many Earth related parameters. These instruments can be categorized as:
•

imaging instruments: active types like imaging radar and wind scatterometers
and passive types such as multichannel imagers and radiometers

•

profiling instruments: active types that encompass profiling radar, lidars and
altimeters and passive types such as passive sounders.

The future plans of the CEOS [CEOS,l995] include several different types of missions for
these instruments with some of them being demonstrators of valuable technology and
others being continuous series of Earth observation- satellites for providing long term data
sets.
Table 2.5

Instruments flown on current and f uture remote sensing satellite missi ons

Instrument Categories

Application

Atmospheric chemistry instruments

Stratospheric ozone levels, trace gases

Atmospheric sounders {IR & microwave)

atmospheric parameters, humidity profiles,

Cloud profile and rain radars

cloud type and amount for numerical weather prediction
and climate studies, precipitation rate

Earth radiation budget radiometers

radiation budget to better understand global warming

High resolution imagers

Multi-purpose sea and land imagery, for land cover
determination, vegetation type and structure, agriculture,
geological mapping, extension of inland water bodies and
floods, coastal erosion, mapping and cartography, cloud
properties.

Imaging multi-spectral radiometers {vis/ IR)

sea and land surface tempe ratures, sea ice cover,
albedo, cloud-cover, cloud - top temperatures, data on
processes in the biosphere, information on global scale
vegetation, support of identification of drought area, early
warning on food shortages, ocean color data

Imaging multi-spectral radiometers {microwave)

snow and ice mapping, information on cloud liquid water
content, soil moisture content, ocean salinity
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Multi-directional radiometers

surface temperatures, cloud cover, vapor and liquid water
content of clouds aerosols radiation budget

Ocean color radiometers

ocean color, phytoplancton

Polarimeter radiometers

properties of liquid water, cloud particles aerosols,
polarization of the back-scattered radiation from Earth
classification of vegetation
wind speed and direction on sea surface, weather

Wind scatterometers

forecasting, investigation of climate models; monitoring
of rain forest, tundra and deserts.
mapping of the sea surface wind velocity field, wave

Radar altimeters

height, topography of the ocean surface, lateral extent of
sea ice
ocean surface waves, oil spills, other surface features,

Imaging radar

vegetation type and cover, topography, all weather
measurements
Lidars

surface topography information, measurement of 3-D
winds, aerosols

Remote sensing information is different compared to telecommunications and CPS for the
process of converting it into a direct application is much more complicated. The data are ·
rarely directly usable. In most cases up to now, the information is an input helping to
answer large-scale questions of interest to national governments, armed forces, or very large
companies. Rarely do individuals need such strategic information.
Remote sensing information is often combined with CPS information. Earth observation
data can be stamped with time and location coordinates for being integrated into a
Geographical Information System (GIS). Moreover, more and more there will be combined
with in-situ data collected by satellite (Argos, Orbcom.m, etc.).
The services delivered by remote sensing satellites are the provision of Earth Observation
data. These data are then transmitted to a data processing center, where they are processed
and archived or sold to the customer.
The market for Earth Observation worldwide in 1994 was 850 million US$, including data
processing and distribution.
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In the following table an overview of a few of the existing and planned commercial remote

sensing satellites 1s given.
Table 2.6

Commercial remote sensing systems

System

Country

Status

Year launched

Remarks

SPOT

France

Operational

1986,1997,2002

Current 10 meter
panchromatic, new
satellites 3 meter

Jl

resolution
SeaStar

us

Operational

August 1993

Orbital Science
Corp

Radarsat

Canada

Operational

December 1994

Radarsat 2 to be
launched in 2000

IRS 1C& 1D

India

Operational

1995 and 1996

Data distribution by
Space Imaging
EOSAT

Ughtsar
Orb Image

us
us

Development

1999

RDL Space Corp

Development

1997

Orbital Science
corp.

Space imaging

us

Development

1997

1 meter and 3
meter resolution

GEROS

us

Development

1999

Geophysical &
Environmental
Research Corp
(GER)

David

Germany/Israel

Development

1997

joint venture

Earthwatch

us

Development

1998

Ball corp

Commercially available images of the Earth from space are already used, and will be more
and more used in agriculture, civil planning, resource management, forestry, environmental
management, education and other applications.
Satellite Communications Systems .

High-capacity optical fiber cables connect the continents with each other, but these cables
can only supplement the satellite communications system and not replace them, as remote
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areas still will not have access to the wired telephone network. Satellite communications
cover a substantial portion of the global telecommunication market. As the increase in
population requires more distribution of the information including data, voice, and images,
more bandwidth is necessary to satisfy this demand. The deployment of new systems and
the development of new technologies for signal compression will lead to an expansion of
the overall capacity. The need for adding new satellite systems will continue as long as
there is a need to
•

broadcast information over large areas,

•

create large networks,

•

provide mobile services over large areas,

•

provide rural and remote access,

•

flexibly interconnect, on-demand, previously unserved points,

•

new networks that can use microterminals to bypass traditional, aged terrestrial
networks,

•

integrated communications and GPS navigational services.

New data compression technologies, as soon as they are tested and proven, will influence
the amount of new systems needed. The term "mobility" strongly influences today's society
and thus also the telecommunication market. The shift to hand-held user terminals will
allow to transmit and to receive information from anywhere on Earth at any time.
Existing maritime and aeronautical satellite communications services are dominated by the
INMARSAT System. The much larger land-mobile market will see eight or more new
systems deployed regionally and globally.
Up to now land-mobile communications services also include paging and are based on
satellites that are currently in orbit. These systems only transmit data and no voice and are
basically used for fleet management.
Airborne mobile services are provided by the INMARSAT system, the only one in use.
INMARSAT expects a strong increase of revenues due to airline telecommunication.
According to T. Logsdon [Logsdon, 1995] airphone installations usually cost $300,000 to
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$700,000 per commercial aircraft. The call charges amount to $8 to $10 per minute and
passengers make about twenty 2.5 minute calls on an average flight
Maritime communications services are today largely served by INMARSAT. A network of
geosynchronuous satellites relay two-way voice messages as well as computer data
[Logsdon,1995].

The frequencies used are located in the L-band.

The current user

community mainly consists of about 30,000 customers world-wide and are expected to
become about one million for the year 2005.
The organization provides full range of maritime services from higher speed INMARSAT A
and INMARSAT C services for large ships down to INMARSAT M services which is a new
portable digital voice service and INMARSAT E, a configuration meant to operate within
the Global Marine Distress and Safety Service (GMDSS)
Medium Earth orbiting satellites at an altitude of 10,400 to 20,000 km provide a favorable
and cost-effective solution for mobile satellite services. This favorable configuration is
calculated on the basis of the number of satellites required, cost per satellite, signal delay
times, variation of mobile terminal antenna elevation angles, and launch cost.
Odyssey has conducted a market survey Uohannsen, 1995] in 1995 that targeted frequent
travelers, thin route rural residents, area that lack sufficient infrastructure, and government
agencies. The forecast for the year 2000 in only two of the market segments (business
travelers and thin route residents) shows 12.2 million subscribers. Odyssey's full-system
capacity is only 7.7 million users.
ICO is designed for users of the existing cellular telephone market and will provide
communications, where the cellular coverage is incomplete or non-existent. The technology
can also be integrated in vehicular, aeronautical and maritime terminals as well as in rural
phone booths and community telephones.
Low-earth orbit (LEO) constellations have emerged from the drawing boards and are now
being deployed.

The concept of personal mobility, with respect to communications, is
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strongly connected with terminal mobility, which means being able to have wireless access
to the network from different geographical areas. Mobility is limited by the size and weight
of the user terminal. LEO constellations require the smallest and cheapest user terminals
and have the lowest signal delays.
The first system to be deployed is Iridium Each satellite provides 48 spot beams, which can
handle 230 simultaneous duplex communications. A call from a mobile user will be passed
directly from satellite to satellite until it reaches the desired destination. Market forecasts
estimate 2 million users for the year 2002 Uohannsen, 1995].
Globalstar will be a global system in connection with the public telephone network and will
provide the lowest phase delay of the transmitted signals. It offers interesting market
opportunities. The system is designed in such a way, that calls first enter the service
provider's existing terrestrial network from the local gateway station thus giving the service
provider additional revenue opportunities.
The aim of the Orbcomm system is to provide paging services and positioning.

The

positioning is accomplished by measuring the Doppler shift variations due to the satellite's
movement.
Starsys is a proposed telegram style two-way messaging system for digitally encoded dataonly messages, transmitted in very brief radio bursts, requiring ground computer
processing in order to be useable by the receiving parties. A message may contain up to 256
bits. The system will be capable to permit very low cost two way message traffic between
fleet operators and mobile units at any time in any location as well as allow industry and
government to routinely check the environmental conditions of remote areas and let utilities
quickly gather meter data and incorporate the information into automated billing systems.
A large number of new satellite systems have been proposed for broadband high data
rate/ multimedia communications. These include several GEO systems (Hughes Spaceway
and Panarnsat; ORION, Lockheed Martin's Astrolink, Loral/ Alcatel's cyberstar and
skybridge, Matra Marconi East/ West, and Motorola's Millenium. In addition there are
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several LEO systems. M-star and Celestri of Motorola as well as the first such system to be
fitted-- Teledesic. By way of example, the likely market and systems details on Teledesic are
provided . It will provide 24-hour coverage to over 95% of the Earth's surface and almost
100% of the Earth population. The only feasible frequency band to meet the requirements of
Teledesic is the Ka-band. The aim of the system is to enable affordable fiber-like broadband
communications services anywhere in the world, which makes it different from other
mobile satellite communication services.
Table 2.7 shows the services to be provided by the planned mobile satellite systems and
some system parameters to show the differences of the systems.
Table 2.7

Overview of relevant mobile communications satellite system data and services
provided.

Service

Odyssey

Archimedes

Ell ipso

ICO

Globalstar

Iridium

Teledesic

voice ,data,

voice, data,

voice, data,

voice, data,

voice, data,

voice,

data,

fax, paging,

digital

fax, paging,

fax, paging

fax, paging,

data, fax,

voice,

short

audio

navigation

short

paging,

fax,

message

broadcast

message

messaging

paging,

service,

service,

positioning

video

position

positioning

2.4/4.8/9.6

2.4 I 4.8

16 kbps

kbps,

kbps

determinati
on
Voice

2.4kbps/4.8

N/A

4.8 kbps

4.8 kbps

kbps

adaptive
Data

2.4-9.6kbps

N/A

0.3- 9.6

2.4 kbps

7,2 kbps

2.4 kbps

kbps
Orbit (km)

10 354

26 800

7800

elliptical

elliptical,

16-2048
kbps

10 355

1410

780

695-705

global

within± 70

global

global

(apogee)
Coverage

worldwide

northern

worldwide

hemisphere

degrees

besides

latitude

of 2 deg
hole at
the poles

Satellite

94.5 min

6 hours

N/A

11 5.6 min
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visibility
Mobile link

34.6-44.3

one-way

ms

N/A

N/A

34.5-48.0

4.63- 11,5

2.60-8.22

2.32-3.40

ms

ms

ms

ms

10, average

10

8.2

40

propagation
delay
Min. mobile

20

70

N/A

40-50

elevation
angle
(degrees)

Integrated services

An overall integrated

service providing positioning, remote sensing data

communications has not yet been established.

and

The only systems that offer integrated

services up to now are Argos and Cospas SARsat.
Argos is a joint French and US satellite-based system that is dedicated to environmental
studies.

The services include global position and time data, but also data telemetry

capabilities, which is not done by GPS up to now. The Argos payload is carried on NOAA
TIROS satellites A through N, with two satellites always in operation. The satellite are in
polar orbits, offset 90 degrees, and provide continuous coverage. The aim of the system is to
acquire and disseminate environmental data that are transmitted from fixed or mobile
transmitters anywhere in the world. The system is not very accurate compared to GPS
Although the accuracy is 1-2 km, it is sufficient for many applications.
The Cospas-SARsat system is designed to support global search and rescue operations,
especially for determining the position of downed aircraft and boats in distress. The system
uses transponders in aircraft. or boats that transmit automatic distress signals in the case of
an accident and are automatically activated. The frequencies used are the existing 121.5
MHz aviation distress frequency and new, 406.02 MHz. The payload is mounted on two
Russian satellites in polar orbit and two NOAA meteosats. The distress signals are received
at a ground station each time the satellite passes over the station. It processes the raw data
and transmits a message to a Local User Terminal (LUT) in each participating country, from
where the rescue action is initiated.
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Table 2.8
APPLICATIONS

Cartography/Mapping

User requirements and applications for integrated information services
. SPECTRAL

Rs·

CAPABILITY

RESOLUTION

Optical

GPS

FREQUENCY

RELATIVE

REFRESHINGIUPD

ACCURACY

ATING DATA BASE

(continuous)

(only tor Rs·)

<1m·5m

1m·5m

1 week • 1 month

<1m·5m

1m·5m

1 week • 1 month

<1m·5m

1m·5m

1 day· 1year

tOm·tkm

1cm·1m

10s ·10min

REMARKS

Panchromatic
Radar
Urban Planning

Optical
Panchromatic
Radar

Everyday lite (where

Multispectral

to go sight-seeing,

Optical

where to shop, where

Radar

to get taxi etc.)
1em relative

Fleet Management

Optical

(aircraft and ships)

Panchromatic

accuracy is required

Radar

for guiding aircraft
on the tarmac for
parking etc.; 1m is
more for landing etc.

(cars and lorries)

Optical

1m·10m

1m·3m

5min ·1hr

#

1m·10m

1m ·3m

1min ·1 hr

#

1m·3m

1m -3m

1min ·3min

#

1m·5m

1m·5m

Full time coverage

Panchromatic
Radar
Traffic Management

Optical
Panchromatic
Radar

Crime Tracking (car

Panchromatic

theft, tracking

Radar

prisoners etc.)
Tracking

Optical

people/cattle/sheep

Panchromatic

etc.

Radar

Wildlife conservation

Optical

(I min)

1m·5m

1m ·5m

! min · 3min

1m - 100m

1m · 100m

Full time coverage

1m RS resolution

(!min)

and GPS relative

Panchromatic
Radar
Search and Rescue

Optical

(leisure/sports/fisher

Panchromatic

men etc.)

Radar

accuracy need in
case of dense
forests and the like.

Disaster Warning

Multispectral

10m · lOOm

10m

Optical

Full-time coverage
1min

Radar
Insurance

Multispectral

10m ·1 00m

10m
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Optical

1min

Radar
Pollution-level

Multispectral

warnings

optical

meant to indicate to

Radar

people in big cities

50m • 1km

1m·5m

30minutes

This application is

the level of
pollution.

Meteorology

Multispectral

1 km

1km

15min

15min is the update
time in the case of
the second
generation of
Meteosats

10m-100m

10m ·100m

1 year

Multispectral

1m-100m

1m-100m

1 day

Multispectral

10m· 1km

10m· 1km

1 day

Precision Farming

Multispectral

1m·5m

<1m-1m

1 day • 1 month

Fishing

Multispectral

10m·1km

10m ·1km

1 day

Mining

High resolution
optical

Regulation
Monitoring and
Compliance
AgricultureNegetatio

nJ Forestry (land
usage, soil
composition, yield
etc.)

Locating shoals of
fish

Earth Monitoring

Multispectral

10m ·1km

10m·1km

1week • 1month

Environmental

Multispectral

1 km • 10km

100m·1km

1 week • 1 month

@

CiviVStructural

Panchromatic

1m

<1m (in the order of

1 week • 1 month

1m for topography

Engineering

Radar

Modeling

em)

and site survey;
1cm for
erecting/constructin
g the structure

Tectonic Plate

Radar

1m-10m

1 em

Full time coverage

Movement

2.2.4

Major market se·gments

The market for GPS, remote sensing, data collection systems and telecommunication can be
segmented into (1) .e quipment for the space segment and the Earth stations and (2) the
services provided. In this section the market segments and services are explained whereas
the evolution of this segments is described in 2.3.1.
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INSAT is perhaps the world's first multi-mission satellite system which provides
communications services, radio and television broadcasting, news gathering, meteorological
data collection and dissemination, and satellite aided search and rescue. INSAT satellites
operate with several frequency bands; C, EXT. C, S, Mobile and Ku.

The concept of

multimission satellite system has proved so cost-effective and operationally successful that
the Indian Space Research Organization has decided to continue the same design for its
second and third operational satellites.
GPS
The navigation and positioning services provided by the current Global Positioning System
is free of direct charges to the end-user but indirectly paid through taxes. The main market
segment is the end-user equipment in connection with value added services. The market
can be segmented with respect to the applications, described in 2.2.3.
Remote Sensing
A remote sensing satellite system can be divided into several parts, which include the space
segment, the ground segment, the data downstream and the data processing on the ground.
The latter also encompasses the market for Geographic Information Systems (GIS). the
overall remote sensing ground segment market can be divided into the following segments
[Euroconsult, 1995]:
•

Receiving stations and related services (principal and direct receiving stations,
system integration, software)

•

hardware for data processing and interpretation (user terminals and work
stations, software, GIS)

•

Data dissemination, processing and interpretation services (raw data and preprocessed data, data distribution, processing and interpretation, support)

Principal receiving stations are operated by the system operator and receive the satellite
remote sensing data. The equipment is expensive. The cost of software for operation can
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range between 5% and 60 % of the total costs, but is often 35% to 50% range. Renewal rate
of these stations and maintenance determine the market share.
Direct receiving stations can receive data and have the necessary equipment to do a preprocessing. They are smaller due to less components, and cheaper than principal receiving
stations.
The market for hardware related to data processing (processing being defined as the
analysis of remote sensing data) and interpretation (interpretation involves the
incorporation of information to achieve a better understanding of the processed data)
encompasses the end-user terminal and computer workstations.
manufacturers of electronic equipment.

Both are supplied by

Software has a high market potential and is

developed by the hardware suppliers and by the companies involved in remote sensing, GIS
and image analysis.
The data and information distribution market is the major market segment. It includes
processing and value added services such as image interpretation. The raw data received
by the ground station are normally not sold to the user, for without pre-processing the data
are almost worthless.

Pre-processing includes corrections such as geometric and

atmospheric corrections. The market for raw data is therefore very small between 10% and
30%. Revenues are generated mostly with pre-processed data, distribution and value added
services such as post-processing and image interpretation.
The overall market is difficult to estimate. In 1995 revenues were said to be between $300
and $535 Million.

This includes data sales, hardware and software sales, training of

personnel and value added services.
The majority of the commercial market is controlled by the U.S. Landsat and French SPOT
systems. Neither Company will provide dollar amount of sales. The results of a market
analysis, based on the Office of Technology Assessment (OTA) of the U.S. Congress, NASA,
Eosat, Matra-Marconi Space and Peat-Marwick data are shown in Table 2.9.
Table 2.9

Market segments and related revenues
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Market segments

Revenues

Data acquisition (satellite and

$150 Million

airborne)
Data distribution (including GIS)

$100 Million

Value added processing/services

$300 Million

Hardware/Software

$300 Million

Total

$850 Million

For the data component alone, OTA estimates show that SPOT has a $40 Million share. In
1990, SPOT Image reported the general breakdown for their data sales, as shown in table
2.10:
Table 2.10

Applications of SPOT Image data in relation to the revenues.
Application

Revenues In percentage

Cartography/Mapping

30%

Vegetation/Agriculture/Forestry

20%

Geology/Resource Exploration

18%

Town Planning

4%

Coastal Studies

3%

Press-Media

2%

General Public

2%

All other sectors combined

13%

Telecommunication
The growth of satellite communications services is mainly due to the global "instant"
infrastructure that satellites provide and the deregulation of the market.

Satellite

communications is currently about 2% of the overall worldwide $850 Billion
telecommunications market. .
(1) Equipment. The major market part is related to the ground segment including the enduser terminal. This $egment can be split as follows [Euroconsult, 1995]:
•

Fixed Stations (ground stations, business service stations, Hub stations, VSAT
terminals). The market for fixed stations worldwide is dominated by US and
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Japanese companies. Important for the product is the product life cycle and the
renewal rate, two factors that are closely connected.
•

TV I

Audio equipment (DTH stations, IDFI, Feeder link stations and

transportable stations). Important product relevant factors are the life cycle,
renewal rate, and economies of sale. The products are a part of the consumer
electronics business and therefore the competition between the providers is
mainly price oriented.
•

Radio Determination Satellite Services (ROSS) stations (Navigation and rescue
terminals)

•

Mobile Terminals (personal and vehicle mounted devices, Gateway stations), are
a market element that is strongly influenced by economic factors and
deregulation.

(2) Services. Three main categories of services can be distinguished. These are
•

Fixed satellite services (FSS): More than 150 satellites are currently in orbit and
more systems are planned. The planned systems will also be able to provide new
multimedia services, that are expected to determine the future of the FSS market.
Revenues are generated through the lease of transponder capacity for voice,
video and data services. Revenues per year per transponder are between $2 and
$4 Million [Space Industry Outlook, 1995]. Service providers have started to
deliver their service directly to the end-user through cheaper terminals such as
VSAT (Very Small Aperture Terminal).

•

Mobile satellite services: Currently only Intelsat and INMARSAT provide mobile
communication, but this market segment will grow faster with the installation of
the new systems. The services provided will include personal communication
services, store- a11-d- forward messages and fixed applications.

•

Direct-to-home services: This part of the market is comprised of the traditional Chand services, the Direct Broadcast Satellite service using the Ku-band and the
digital br9adcast radio industry.

For all the above mentioned categories of telecommunication services revenues can be
generated through
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•

hardware and software supply, including user terminals as well as transmission
and switching equipment. The fastest growing element is probably software,
such as network management software and others.

•

network operation is an increasing sector due to liberalization.

•

service provision encompasses network services. software distribution services,
transport management services,

remote control, navigation and position

determination and value added services.
•

support includes maintenance and legal issues.

Detailed figures that describe the evolution of the market segments for the coming years
will be given in chapter 2.3.1.
2.2.5

Users

GPS

Users include civilian and military and can be divided into user families according to the
applications as described in 2.2.3.
Table 2.11

Uses of GPS
Application/yr

1995

2000

2005

2010

Car Navigation

500

2,000

3,500

4.500

Hand-held receiver

200

530

1,600

3,500

Leisure Vessel Navigation

7

10

13

15

Geodesy

1

4

10

20

Fleet Management

5

14

24

39

Marine

13

13

14

14

Others

1

3

4

6

Remote Sensing

Today's users of remote sensing data are located mainly in the public sector. Users are
interested to gather data on a large geographic scale. In the US 60 % of the Landsat data go
to the government and in Europe this share is 85% to 90% [Euroconsult, 1995]. It can be
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concluded that in the near future national and international organizations and governments
will remain the main users.
Integrated Systems

The users of a integrated geo-information system can be categorized into four different
groups:
•

Decision making

•

Security and safety;

•

Education and health;

•

Commercial including leisure and entertainment;

Table 2.12 shows the different categories of the user groups for a geo-information system
Table 2.12

Identified user groups for a geo-information system

Education and health

Security and safety

Commercial

Decision making

(including leisure and
entertainment)
Hospitals, Schools

Transportation providers

Consumers (20%)

Governments

International Organizations

Personal and family

Athletes

Brokers, bank, insurance

security

companies, Venture
capitalists

Business

Governments (military)

Universities

International

Travel agencies

Real estate agents
Transportation providers

organizations
Individuals

2.2.6

Families

Agriculture, farmers

Regional analysis

The regional differences with respect to the information demand in the 21st century can be
divided into the five groups: population, development level, land use, ethnicity and
standards. The following survey will help to find an answer to questions such as: how
many people are potential users of an integrated geo-information system in the different
regions; how wealthy are they; what religions are followed; what level of education and
what cultural background do they have; what is the current status of their land use and
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what kind of telecommunication standards do they apply? lbis question will be analyzed in
relation to questions such as population density and growth rate.
Population

One of the key factors that will determine the size of the market in a particular region is the
population. The current and future population will be the basis for the market of any
product or service. Factors such as the age distribution, the level of economic development
technical standards, religious or ethnic peculiarities, the level of education, and the average
income, have to be taken into account. However, certain generalities about the market size
can be made purely on the basis of the population size.
Table 2.13 shows the population size and density for 1994 in relation to the main politically
defined regions of the world
Table 2.13

Population
Continent

Population (1 000) %World Total Area (1 ,000 sq. mi.) Density (pop/sq. mi.)

North America

289,000

5.10%

9,400

30.7

South America

474,000

8.40%

6,900

68.7

Europe

509,000

9.00%

3,800

133.9

3,344,000

59.20%

17,400

192.2

Africa

701,000

12.40%

11,700

59.9

Oceania/Australia

28,000

0.50%

3,300

8.5

Asia

Most of today's information markets are focused in North America and Europe, whereas the
potential market in Asia is considerably larger. Given the rapidly increasing economic
development in many of the Asian countries, especially in countries like China and India, it
can be expected that the largest future information markets will be located in these
countries. Asia has almost 60% of the world's popuiation, thus it is reasonable to assume
that as soon as certain constraining factors are removed, it will become an enormous market
for almost any product not only for information.

The main constraining factors on a

regional basis, include different levels of economic development, lack of reliable and
adequate infrastructures, and unstable political regimes.
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Africa may also be a potential lucrative market in the future. Countries in Africa have
specific needs and requirements based on geography, population distribution, and
economic development.
Oceanic countries, including Australia, have low population density. The population is
either very spread out or quite isolated. The information and communication needs arising
from this population distribution represent a significant market potential.
Economic Development

The amount of money people have available will directly affect which kind of information
service they will buy.
Table 2.14lists the population density, the capital and the number of telephone lines in the
different regions. This table can be used as an indicator for the future development of the
information market with respect to the available funds.
Table 2.14

Development level indicators
POPULATION

.

GOP

MAIN
TELEPHONE

I•

''-•

LINES

Total

Density

Total

per capita

Total

per 100

(M)

(per km~)

(BUS$)

(US$)

(k)

Inhabitants

1994

1994

1993

1993

1994

1994

AFRICA

700.62

23

422

630

11496

1.67

AMERICAS

764.96

18

8422

11277

213495

27.92

ASIA

3323.20

108

6886

2120

159175

4.79

EUROPE

788.26

33

7914

10254

252150

31 .95

OCEANA

27.97

3

342

12469

10811

38.65

World

I•

Source: ITU, UN, IMF, World Bank, OECD

Religions and their influence on the market
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The major religions with respect to the world's population distribution are considered to
have an impact on the information market. Specific religious group might refuse the new
technology and its services. A broad overview shows that most part of the developing
world is divided into large religious groups, while the developed countries are gathered
under a common faith (Christianity, in its different entities). Cultural diversities are tied to
religious differences; thus, one could say that there are a greater number of culturally
distinct groups within developing countries than in the more developed regions. These
religious and cultural differences must be taken into account when designing a new system,
in terms of what type of information is received, transmitted, or relayed.

Product

development and marketing teams will have to take into account the cultural and religious
diversity of their targeted customers/users when designing the products or the services to
be delivered.

Religions
in the World

Buddhists
6%

Other
12%

Christia ns
35%

Hindus
13%

Nonreligious
16%

Figure 2.1

Muslims
18%

Religions of the world

Regional population growth
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The world's population is projected to grow to 6 billion in the next decade, but from there
on the growth rate will decline slowly in the future. Until the 1960s, there was a clear
dichotomy of the growth rate of the population between the developing countries and the
developed one. Inside the developing countries, the rate is quite diverse among the regions,
and will increase in the next century. Africa's population growth continued to accelerate
while the others already began to decelerate in the 1970s, especially in China and Asian
planned economy. These differential growth rates within these regions will affect many
aspects of development, which result from the different population age structures.
Changes in the population structure
The population age structure differs greatly among majors regions in the world as explained
in table 2.15:
Table 2.15

Population age structure
Africa only

Developed

Developing

regions

Countries

< 15

22%

37%

45%

> 60

16%

7%

5%

15< >60

62%

56%

50%

Years

It can be seen from the above table that the percentage of elderly people is represented

greater number in the developed countries, while children under 15 represent a large part in
the developing world. In the last 50 years, the changes in the fertility and mortality, but also
the process of modernization, increased life expectancy and reduced fertility, have
introduced peaks and slopes in the age structure. Within the next decade, the median age
will increase by 3.8 years in developed regions and 2.8 years in developing regions (U.N
1985), but will remain constant in Africa. There will be very large increases in the number
of the elderly people in all regions.
Migration of populations
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Migration of the population in developing and developed countries

Standards and regulation
Over the past ten years, significant changes have occurred in the areas of
telecommunications such as video conferencing, audio conferencing, multimedia and
others. These changes have been spearheaded by a number of new international standards
from bodies including International Telecommunication Union (ITU) and International
Standards Organization (ISO).
If a service is to be provided to the global society, as in the MISSION project, the variation of

standards used in the different regions must be taken into account. For example, the Public
Switched Telephone Network (PSTN) system in Europe is different to the American one. If
a service is to be provided to both areas by using the same kind of ground terminal, the
question, what kind of terminal standard has to be applied, must be raised. Non-unified
standards for similar technologies in different countries or regions can contribute to socalled "technical barriers to trade". Export-minded industries have already sensed the need
to agree on world standards for a long time and tried rationalize the international trading
process.
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Additionally, regulation and policy are important factors for the development of the market.
To provide remote sensing data at 1 m resolution is illegal in Europe but legal in North
America. The access to the Internet is also restricted in many countries according to their
national regulations. Even Direct to Home (DTH) and Direct Broadcasting Services (DBS)
services are illegal in some countries.
The development of the telecommunication sector, especially the liberalization of
telecommunication, made new improvements in standardization necessary in order to
ensure the interconnection and interoperability of an increasing number of different
networks and services.
Examination of standardization issues on national, regional and international basis has to be
carried out to determine a systematic market approach.

2.3

Forecast of the future market

The prediction of the market for an integrated gee-information system can only be based on
the current market segments of GPS, remote sensing and telecommunications in comparison
with the demand and the user community.
Although the existing systems and the services provided have been divided into different
applications, the forecast is only done for the overall market. This method is considered to
be sufficient for the phase I of the project. In phase IT a more detailed analysis will be
necessary.
2.3.1

Evolution of the market segments

The evolution of the markeUs explained for the geo-information market segments such as
GPS, remote sensing and telecommunication.
GPS
Table 2.16

GPS revenues in Million of US$

1995

1996 1 1997

1998
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Car Navigation

310

600

1,100

2,000

2,500

Consumer/Cell

180

324

580

1,000

1,500

Tracking

112

170

250

375

560

OEM

140

180

220

275

340

Survey/Mappin

201

280

364

455

546

GIS

50

90

160

270

410

Aviation

93

130

180

240

300

Marine

110

120

130

140

150

Military

70

80

90

100

110

Total

1,266

1,974

3,074

4,855

6,416

ular

g

The rapid growth of commercial GPS is mainly due to the fact that prices of GPS equipment
are falling rapidly, whereas in the same time the quality increased providing higher
accuracy and reliability to the user. Table 2.16 shows the evolution of the GPS market
segments between 1995 and 1999 as predicted by the GPS Industry Council in 1996.
Near-term markets for equipment and value added services will be Tracking of aircraft,
direction assistance, automobile theft prevention, emergency assistance and electronic
maps.
The integration of communications and computers will take advantage of GPS technologies.
Mobile computing platforms in connection with a communications link, which can be either
through a cellular, wired or space communications, will become generator and user of
information. GPS will make it possible to manage these data by tagging with time and
location coordinates. Mobile computing, as a market segment is expected to grow at an
annual growth rate of 85%
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GPS market predictions for the most Important market sectors [NAPA, 1995]

Remote sensing
What makes the remote sensing market interesting for industry are the value added services
and the combination of remote sensing data with databases. Table 2.17 shows the revenues
for the next five years. For 1998 the capacity for remote sensing is expected to augment
more than 35%.
Table 2.17

Remote sensing revenues ($ Millions)
1995

1996

1997

1998

1999

2000

Raw Data-Space

75

81

88

118

173

189

Raw Data-Aerial

136

161

190

202

195

232

Value added resellers

460

530

610

720

875

945
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The main issues of the development in the equipment sector and the services are thought to
be the following [Euroconsult, 1995]:
•

integration of the data downstream, towards the end-user

•

integration of remote sensing data in GIS

•

software development

•

one target is the development of a system company, which provides the full
range of services

•

system integration

•

software development of integrated data base

•

provision of information services

The emphasis is on the integration of the data downstream and companies try find an
integrated system concept.
Telecommunication
The telecommunications market has substantial room for growth. With a significantly
underserved market potential of about five billion people and the developed world
requiring access to more and more data, the design and installation of new systems seem to
be necessary. The deployment of GEO and LEO satellite constellations will enable low-cost
telephony to even the most remote regions of the world as early as 1998. Interactive VSAT
usage is supposed to increase over the next four years as the cost of satellite usage continues
to reduce through higher utilization and increased supply. Traditional fixed services will
not dominate the market [Pelton, 1997]. They are expected to only grow of about 5% to 7%
per year through 2003. Additionally, radio broadcasting satellites and navigational satellites
services will be a new source for generating revenues.
Table 2.18 shows the development of the telecommunication market with respect to the
revenues.
Table 2.18

l

Satellite Service

Projected Annual revenues for Satellite Services ($ Billions)

1997

1997
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2003

2003
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Traditional Fixed

us

World

us

World

2.0

9.5

4.0

18.0

0.1

0.2

6.0

17.0

3

9

9.5

25.0

0.2

1.8

2.0

9.5

0.2

1.1

1.0

2.5

5.5

21.8

22.5

72.0

Services
NewHDR FSS
DTTH/DBS
(Including DBS
radio)
Mobile Satellite
Services (MSS)
Navigational
Satellite
Services/ROSS
Total Projected
Revenues

2.3.2

Demand indicators

It is almost impossible to quantify the demand, however, the following indicators, both

social and economic should give an idea of the regions that will develop more rapidly than
the others in the coming decade as well as the customer demand in different regions of the
world.
Economists predict that in terms of the pace of market development, the hierarchy of
regions for the coming decade will more or less in this order:
•

Asia

•

Europe (including Eastern Europe and the former USSR)

•

South America

•

North/South Africa

•

N. America and Oceania

•

Central Africa.
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2.4

Conclusion

The information market including GPS, remote sensing and telecommunication shows a
rapid increasing growth rate. Existing and planned systems can not cover the demand of
the 21st century.
A lot of information about the market segments and revenue projections are available. A
detailed analysis of the current and predicted market would exceed the goal of this study.
However, if it is decided to lead the project into phase II, a more careful study has to be
carried out, in order to justify the huge amount to be invested into an integrated geeinformation system.
The preliminary analysis of the market shows that there is currently no system that provides
an integrated service, although a significant market potential is available. MISSION, the
new global gee-information system can be designed to cover the information demand of the
21st century. It is therefore recommended to carry out a preliminary design study and to
verify the feasibility of such a system.
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CHAPTER 3

Conceptual Design

MISSION

3.1

Introduction

In order to meet the geo-information needs for the beginning of the 21st century as
described in Chapter 2, a new system is required which would fulfill as many of the needs
of potential users as possible. The design should incorporate the existing systems which
already satisfy some of the requirements outlined in Chapter 2 and yet provide services for
the needs projected for the early 21st century. The design should support all these needs in
a more cost-effective way than the already existing ones. Several concepts exist on how to
realize these requirements. However, the technicat economic, legal and political constraints
are the barriers that any conceptual design has to address if a cost-effective service is to be
realized. The methodologies used to arrive at final MISSION concept discussed in detail in
Chapter 4 are many and varied. However, it can be of interest to look at some of the
scenarios that led to the final MISSION design concept.
Several scenarios can be used to depict the nature of services anticipated for the 21st century
user of the MISSION system
3.1.1

Scenarios

Scenario 2.1: May 1996, you were driving your car to San Francisco to catch your flight to

China the following day. Since you believed that there was enough time, you chose to
drive the scenic route along the small road just besides the beach. However, you suddenly
found out the road was blocked due to a landslide and you had been driving along the road
for a considerable time since the last exit. RESULT: YOU MISSED YOUR FLIGHT.
Scenario 2.2: When a landslide happens, the Remote Sensing satellites will detect it and

report it to the Global Information System (GIS). With the help of the Global Positioning
System (GPS) receiver installed on the car, the GIS system quickly identifies who the car
belongs to and transmits the relevant data to them. The-mobile UNIT (not purely a mobile
phone) in the car then receives the data and through the small screen upon it, a warning
message, just several minutes after the landslide happens, is conveyed. At the same time,
the best detour route to circumvent the landslide is displayed by the mobile UNIT. The
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unit will be a combination of GPS receiver, mobile phone, game player, data communicator
etc ..
Scenario 2.3: A farmer invested in a terminal that provides him with processed remote

sensing information about his land. By determining the position on the field that needs it
most he optimizes the amount of fertilizer used. He may not realize that he is using RS,
GIS, data processing and Telecommunications but does know that it saves him money,
increase his yield and prevents excess pollution of waterways through fertilizer run off.
Scenario 2.4: Another example is fleet management. Voice and data communication is

needed. Positioning and navigation allows to determine the location of the truck and to
choose the best way. Remote sensing data can be used to decide in difficult situations, like
sudden disasters (flood, earthquake), what has to be done. Emergency locating allows help
to be sent very quickly. For ships ice monitoring and coastal management is required for
which remote sensing and positioning data is needed. A communication link transfers data
and allows voice communication.

Airplanes taxiing on the ground require location

determination and real time weather images during flight to make navigation easier.
There are many more examples which could be given but can they all be served by present
or planned systems? A system will be required to integrate and manage all the information
sources at the disposal of the user, in order to deliver the product or service that he or she
really needs. This Information Management System would be required to sort through the
sources of information and deliver the requested information. This would require an
advanced "intelligent" software system capable of translating customer desires/ requests
into search orders. These search orders would have to trigger the coordination of the
information resources that would provide the bulk of raw data necessary to address the user
request. This raw data would be reconverted by the Information Management System into
concise user-friendly information. Is there a need to design a new system to cover customer
needs? This still remains to be seen, and it will be the focus of further analysis and trade-off
studies. The requirements for real-time remote sensing capabilities or tracking of multiple
objects and people (that do not have tracking devices attached to them, e.g. immigrants,
fugitives, unknown goods or vehicles) can not be met by current systems, and these systems
Conceptual Design

58

MISSION

are not foreseen to be developed in the near future. It is probable that a new concept would
have to be developed, and this concept would have to be integrated into the overall Ceoinformation structure
3.1.2

System concept scenarios

As deduced from these scenarios, the conceptual design should provide a user in 2015 with
the ability to talk on the phone, access the Internet, determine, transmit, and receive high
accuracy position information, and receive commercial data and services on a pay-per-use
basis. The user interface could be a combined computer, phone, and GPS device, with a
fold-out video screen. This is treated later in the document.
By 2015, the Internet will have expanded to include most forms of printed information,
including newspapers, phonebooks, novels, magazines, brochures, bus schedules etc .. Some
information may only be received by paying for it. Examples include on-line magazines,
stock exchange data, high-quality maps, or remote-sensing derived information.
The way to access this information will be via a MISSION on a pay-per-access basis. The
center collects and processes remote sensed data, gathers simple data such as bus schedules,
city events, and up to the minute traffic data. This information could then be accessed by
the user or it could be sent periodically by the MISSION distribution centers to subscribers.
One special kind of information that the MISSION centers would process is position data.
Using the hand-held device, the user would determine his position and velocity just as he
does today. This information could be sent to the MISSION center for distribution to
authorized people, such as family members. Likewise, the user could access MISSION for
the position of other people that he is permitted to know. The user would be charged a
subscription fee or a pay-per-access fee, much like today's phone system.
To provide and integrate this unprecedented access to the World's information, a
sophisticated communication system must be developed.

Three different satellite

constellations will be integrated with terrestrial communication systems and the MISSION
Center.
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For positioning data services, the user will receive GPS pseudo-code information from the
MEO (GPS) satellites and using the hand-held device will determine his position. If desired,
the position can be sent to the MISSION distribution center via a low-data rate uplink to be
received by another party. These can be fulfilled by relaying data to a GEO satellite which
transmits down to ground stations.
The remote sensing data will be sent to the MISSION distribution center, or to affiliated
distributed centers of excellence, for processing and intelligence extraction. The MISSION
distribution center will send processed data rather than raw images to the users.
The users will access the MISSION system through the DIMC. Receiving the user request,
the DIMC will gather the necessary data, make sure that the appropriate processing is done
and provide the product to the user. This product is not only geo-information, but a service
which is providing solutions to satisfy the user needs.
Data and Information Support Centers will provide the DIMC with data and processing
capabilities in an OpenGIS database architecture design. The DIMC will be able to read and
interpret all kinds of data formats and combine the data in order to create integrated
products.
The DISCs will collect, store and maintain data according to a variety of needs, including
maps, transportation schedules (bus, train and plane) and support & service information
(car rentals, hospitals, hotels, restaurants, 'yellow pages', banking hours, etc.).
3.1.3

Ground segment requirements

The ground support segment of the information system of the future will require facilities
for maintaining satellite constellation (telemetry, tracking, and control), databases to collect
and maintain static information (information which would not change significantly over
time), and a method to distribute static and real-time updated information to end users of
the portable information units.
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Telemetry, tracking, and conunand stations will be used to maintain satellite constellations.
For an initial period, likely to be at least five years, the ground segment will utilize the
currently-existing infrastructure of stations. As new satellites will be placed into service,
and new stations may be built as required. Eventually a global, inter-connected network of
ground stations will manage all satellites which contribute to the global information
collection and dissemination.
Database centers will collect, store, and maintain data according to a variety of needs,
including: maps, transportation schedules (bus, train, plane), and support & service
information (car rentals, hospitals, hotels, restaurants, "yellow pages," banking hours).
Additionally, database centers would maintain a "travelers' encyclopedia," containing such
information as local radio and television stations, news media, the political structure of the
area, and a variety of tourist information (attractions to see, how to see them, dangers and
annoyances).
The database center will amalgamate information from the many diverse individual
sources, and update it periodically. The most up-to-date version of a database will be kept
at a local primary center, and will be transmitted to other centers world-wide at regular
intervals. For example, once a month a database from the distribution center for central
Canada would be transmitted to similar centers in other countries. Users in France would
access information on Canada via the French national distribution center at first. As the
system and data conununications channels develop, individual users, for example, could
copy any desired information directly from the Canadian distribution center.
An "information on demand" system will be needed, which would utilize the most efficient
and cost-effective ground-based or space-based data conununication channel, in order to
obtain any needed information in real-time and inunediately process and distribute it to the
network Such information may comprise:
•

road or · traffic conditions: rush-hour traffic situations, accidents, blocked
intersections, etc.
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•

weather conditions and forecasts: expected severe weather fronts such as hail
storms or high winds, fog, and even marine weather for pleasure or fishing
boats.

•

emergency or disaster situations: floods, power blackouts, fires. For example,
following a fire at a chemical plant, dispersion clouds, affected areas, and
evacuation plans would be transmitted.

•

business information: stock market prices.

•

personal information: analogous to current personal pagers.

3.1.4

Conclusion

In order to meet the numerous requirements outlined, the conceptual design will revolve
around of a hybrid constellations which will satisfy the demands of the increasingly high
tech society of the coming millennium.
3.1.5

Definition of system specifications

The characteristics of the information needed in the future will be as follows:
•

Global: global access (possibility to access any point of the globe) to multi-users
around the world.

Global transmission and reception of fully digital

information. There are specific needs, such as knowledge of the traffic situation
or pollution levels, that could be met using local and regional information
systems. However, if the proposed concept can meet the requirements for global
disaster relief management, it can be easily reconfigured to monitor and transmit
local urban information.
•

Real Time: many user needs require instant information gathering, processing
and delivery to the user, whether it is voice communication, surface imagery,
position and tracking of goods and people, or provision of tele-services. The
need for real time information is considered to be a fundamental feature of
people's needs in the early 21st century. However, it will be important to
determine the exact degree of information readiness that users will require.

•

Mobile: users require ready access to Gee-information anywhere in the world,
that is, "information at their fingertips". The level of mobility will have a
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significant impact on various aspects of the proposed concept (size, weight,
capacity, etc.)
•

User defined: if the proposed concept is to target the largest part of the user
envelope, it will have to establish a discrimination method to deliver the desired
information. The ideal discriminator is the user. Thus, the system should be
user-defined at the level of the user interface. It is the user who will determine
the service he/she requires (telephony, tracking of a good, access to Internet, or a
combination of any).

•

Unified/Integrated Services and User Terminals: In order to satisfy future needs
it will be necessary to integrate a television receiver, antenna, receiving unit,
mobile phone, GPS receiver, laptop into one user terminal. The system will
merge current and future information sources or service providers to provide
usable information to the user, and/ or would be compatible with as many
providers as possible, and would be capable of accessing them to obtain the right
type of information or service required.

•

Standards: If we finally want to integrate different services at the end user
terminal, one of the main problems to be faced is standards. Due the long history
of human electronic communication, there are many different standards around
the globe that must either be reconciled (an extremely difficult problem at best)
or worked around.

•

Affordable: the larger the customer base, the more cost-effective the service will
be to all, and thus the more profitable it will be to the provider. Incremental
startup of both the ground segment and the constellations, even with a limited
service, should be done to make it possible to start a return on the initial
investment.

3.1.6

•

Secondary specifications
User friendly, easily portable, manageable interface, durable, etc.

•

Interface presentation should be intelligent and independent of language, i.e.
comprehensible to everyone regardless of cultural background.

The following problems have to be solved for the 21st century:
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Remote sensing: Many missions with different sensors are planned. Some of them have not
secured the funding. There is no consistent global remote sensing system that can provide
real time data with UTC timetag or location co-ordinates, to know exactly when or where
the data was acquired. Additionally there is no international co-ordination of data or image
processing center.
Positioning: the current systems do not provide an accuracy less then 1m and there are no
return channels for communications. Fleet management and emergency location systems
require a communications link with a monitoring center. Additionally such a system will
allow the user to subscribe for just one service that includes both GPS and mobile
communications.
The process adopted to arrive at the MISSION conceptual design that satisfies most of the
needs depicted earlier is an iterative one whose procedure is illustrated in fig. 3.1. This
design came up with constellations in three different orbits (GEO, MEO and LEO) all
providing different services as explained in the subsequent paragraphs.
3.1.7

GEO requirements

These satellites shall be used to relay TT&C commands to the lower MEO and LEO
constellations
3.1 .8

MEO satellite navigation system requirements:

The system shall provide location determination on a global basis with an accuracy of 0.5 to
lm.

The system shall allow tracking of cargo or people. This means that the end-user must be
able to send the user's own position to someone else or to a data center like a PSAP (Public
Safety Answering Point or a fleet management center).
The main user requirements are the high accuracy, availability, integrity and coverage area.
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and correction of the ephemeris data for each of the satellites. The present GPS system is at
an orbit where the period of rotation is 12 sidereal hours. This means that a satellite
completes exactly two orbits while the Earth completes exactly one revolution. This means
that a given satellite is overhead a given point on Earth once every 24 sidereal hours.
Because the mean solar day is approximately 4 minutes longer than a sidereal day, a given
satellite is seen to rise this 4 minutes earlier each day. Table 4.2 is derived from calculations
and shows some possible orbital slots to meet the criterion of repeated ground traces.
Orbital altitudes with repeated ground traces

Table 4.2

Orbit Height km

Period Sidereal hours

Repeated Ground Trace

25799

16

every 3 orbits i.e. 2 sidereal days

20183

12

every 2 orbits i.e. 1 sidereal day

13892

8

every 3 orbits i.e. 1 sidereal day

10354

6

every 4 orbits i.e. 1 sidereal day

The final choice of orbit for the proposed new civilian GPS system is one of compromise
between the telecommunications and GPS payload requirements. The orbit chosen because
of this compromise is at an altitude of 13892 km. The new MISSION GPS will be designed
with cross satellite links which will enable the constellation to operate unaided by the
ground stations for some months [Logsdon, 1992].
Resolution
The new civilian GPS system will supply the same accuracy signals to all users. This
accuracy will be better than that now only available to the American military. The accuracy
of the new system will be improved by addressing the various sources of errors on the
present GPS system, which include:
•

satellite clock and ephemeris errors

•

errors due to ionospheric delays

•

errors due to tropospheric delay

•

receiver noise and resolution errors

•

multipath errors.
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The present GPS system clocks are cesium and rubidium atomic clocks. The accuracy of
these clocks is ofthe order of 1 part in 5x1012 • The hydrogen maser clocks proposed for the
13

new civilian GPS system will have an accuracy of 1 part in 2.5x10 and a unit will weigh less
than 20 kg [Logsdon, 1992]. Thus there is a factor of 5 improvement in frequency stability
by using the hydrogen maser clocks.
For reasons of compatibility, to be discussed later, there are good reasons to transmit on
almost the same frequency as the present L1 frequency which is the C/ A signal. If, for the
civilian GPS system, there are two extra transmit frequencies, also in the L band, then there
will be 3 frequencies available to more accurately model the ionosphere. Another factor
which will also improve ionospheric corrections is the increase number of satellites. It is
well known that the arcs, of given widths of imprecision, for two satellites close together
cross to give an elongated diamond shape for the area of uncertainty for the actual position.
For this reason a good position calculation will include two satellites making a large angle
to the

· ~::::::.

However, if two satellites are used which are closer together, then the two

signal paths through the ionosphere are more likely to be along a similar path. The larger
number of satellites proposed in these new constellations will allow this to occur. The
situation then will be that the differences in transmit times for three signals through the
ionosphere from each of two satellites close together will be available. This information will
allow more accurate modeling of the ionosphere.
The error due to the troposphere will be improved by increasing the mask angle to 15 ° .
Mask angle is defined as the angle above the horizon where signals are either blocked or not
used. Signals from satellites below the mask angle will not be included in the navigation
solution.
The error due to receiver noise and signal resolution will be improved by increasing the
chipping rate to 20.47 MHz from the old 10.23 MHz with an improved receiver crosscorrelator design. Chipping rate is defined as the number of bits per second that the code
transmits. Higher chipping rates allow the code to be transmitted more often, improving
the position by another meter or so.
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Any improvement in accuracy obtained by the means discussed above will also lead to an
increase in accuracy of ephemeris data, since the ephemeris is calculated by the ground
stations in an inverse type of navigation solution for each satellite where the positions of the
ground stations are accurately surveyed. The ground stations of course will have hydrogen
masers for clock references. Also there is current research into methods for more accurately
calculating ephemeris data [Space News, 1997].
Table 4.3 gives error budgets for the present GPS system and estimated error budgets for the
proposed civilian system. The total error is calculated on a square root of the sum of
squares basis.
Table 4.3

GPS Error budgets (meters}
clock and

ionosphere

troposphere

receiver

ephemeris

multipath

Total

present GPS

3.9

3.0

2.0

1.1

·-

1.2

5.6

MISSION

2.1

2.0

1.2

0.6

1.2

3.4

GPS

These figures predict that the present P code average error of 5.6 meters can be decreased to
3.4 meters.
The design of the MEO broad band payload

This system is designed to provide broadband, and to some extent, low data rates services
aimed at satisfying the MISSION requirements. The design is based on the decision to have
a telecommunications payload sharing the same bus with the GPS payload, i.e. it works as a
piggy-back payload. The design of this system is expected to meet the following mission
conditions:
•

Provide coverage of at least the major portion of the population and some
capability on a fully global basis for remote data collection platforms.

•

Provide reliable and continuous service anywhere on the Earth's surface.

•

Support switchable broadband services.

•

Support bandwidth on demand service.
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•

Support the following standards: ISDN, Frame Relay, X.25, TCP / IP, ATM, FDDI

Services
The services provided by this system include multimedia, voice, data and video. These
services are intended to meet the demands of both fixed and mobile users and will include
broadband services to end-users.

For example, faster Internet access, teleconferencing,

telecommuting,

transactions,

small

business

tele-medicine,

tele-education,

home

entertainment; and aggregated broadband services like PCS backhaul, and LAN to LAN,
will be possible.
System description
In order to reduce the transmission time delay for voice communications but yet provide a
high enough orbital altitude to satisfy GPS needs, the altitude chosen for this constellation is
13,892 km. Thirty-two satellites are placed in this eight-plane orbit to satisfy the GPS
primary requirement of having 4 satellites in view at any place on Earth at a given time.
Thirty-two satellites at this altitude are more than sufficient to cover the surface of the Earth.
In order to capitalize on the availability of this constellation to provide more beams, each of
the satellites will be equipped with a telecommunication payload. This has the following
additional advantages:
•

Each spacecraft bus will handle only a few transponders, thus saving the overall
system power needed to support an equivalent number of transponders from 8
satellites.

•

In case there is more traffic in a given location than one transponder can handle,
some of the spare transponders from the other three satellites can be utilized to
increase capacity.

•

Space diversity can be implemented with ease in the case where severe
atmospheric conditions adversely affect signal propagation.

•

They also provide full redundancy thus increasing the system overall reliability.

•

Much higher capacity can be achieved with this configuration than would have
been done with 8 satellites.
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Communications payload

The communications payload is designed to meet the broadband communication
requirements up to a data rate of 155.5 Mbps at sufficient power to permit reliable
communications even with small mobile ground terminals. This can be upgraded to 622
Mbps with larger ground terminals. The payload operates atKa-band (30/ 20 GHz) with 30
GHz used for uplink and 20 GHz for downlink. Although the orbit chosen for this service
has higher free space loss than for the LEO, it has several advantages that qualify it for this
application. Among these are:
•

A low Doppler shift which reduces the constraint on the design of the receiver
terminal as well as the need to have wide guard band between channels.

•

Intersatellite links are not required for handover between the setting and rising
satellite thus effectively reducing the cost of building the satellite.

•

Few handovers are realized because of the orbital altitude limiting the possibility
of interruptions on services progressing during the times that handovers are
taking place.

Intersatellite links have not been proposed for this design, thus saving additional system
complexity and cost. In future, intersatellite links with different layers of constellation may
be an option.
Ka frequency band

Due to the higher data rate needed from the nature of services to be provided by the geeinformation system, wide band transponders designed to operate atKa band are the ideal
choice.
The system is designed to guarantee service for 99.9% reliability at an elevation angle of 60
degrees with respect to the satellite. This is allowable because of the availability of a large
number of satellites in view at any given location thanks to the GPS requirements. To
counteract high rain path loss that Ka-band suffers from, fade compensation techniques
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include utilization of phased array antennas to give scanning spot beams and dynamic
power control.
Transmission delay
The maximum signal delay for the round trip between users is 100 rnsec. This is a greater
time delay than for terrestrial systems, but below the threshold of 150 msec which people
notice.
Satellite capacity
The communications payload consists of 8 Ka-band transponders, of which two have the
capability to relay data at the rate of 155.5 Mbps and the rest can support lower data rates in
the range of 10 Mbps and lower, occupying a total channel bandwidth of 500 MHz.
Approximately 14.4 Gbps can be relayed by the constellation under this configuration when
each satellite holds the same number of transponders on the payload as has been mentioned
above. The data transponders have been provided to serve customers who need processed
data at high rates.

The transponders could also be utilized for other high speed

communication services such high definition TV.
Link analysis
The aim of performing link analysis is to size the diameter of both the spacecraft and the
ground station antennas. One of the objectives of this design is to satisfy the needs of a high
data rate to a mobile user who requires small and portable antenna as well as low power
requirements for the ground terminal. On the other hand the spacecraft bus also supports
the GPS payload; that means that weight and size are important for the space segment.
Therefore, a trade off between ground terminal and payload sizing was needed. For the
spacecraft antenna, the design employs the electronically steered phased array antenna
using Ka-band monolithic microwave integrated circuit (MMIC) technology wide band RF
amplifiers. The concept of the Global Access Scheme with scanning spot beams is used here
by using a direct-radiating active phased array.
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The link is designed to carry a maximum of 155.5 Mbps. By using a link budget equation, a
1 m antenna will be sufficient to receive 155.5 Mbps taking into account all losses and rain
fade attenuation.
The uplink configuration serves the interest of both the mobile and fixed user. In this case
the sizing of the antenna and TX power requirements have been made to satisfy the interests
of the most critical (mobile) user. TX power for the ground terminal varies according to the
maximum data rate which they are designed to handle. For 8-155 Mbps, a TX power of 10
W is chosen and, given that very few single mobile terminals may need to transmit such a
high data rate, this may be confined to fixed users; in this case a trade off between antenna
diameter and power can be done to size a convenient ground terminal. For 2 Mbps, a TX
power of 3 W is sufficient to support this data rate using an antenna diameter of 11.7 em.
LEO segment

4.1.3

Introduction to the MISSION LEO constellation
Table 4.4

LEO satellite characteristics
FEATURE

SPECIFICATION

Payloads

2-sided SAR payload with 1OOm res scan + 1m res spotlight modes
8-band multispectral imager with 30m resolution, 2000km swath

#Satellites

72 (64 active plus 8 on-orbit spares)

Orbit

98 degrees, 700 km altitude, 8 planes

Orbital Period

98.8 minutes

Telemetry

Relayed via GEO satellites to ground

Control

Controlled from ground via GEO TT&C link

Mass

700 kg

Attitude Control

3-axis stabilized

Power

2000 watts

Communications

TT&C: S-band

Frequencies

Data: Ka-Band, 155 Mbps

Probable Launchers

Proton K, Lockheed Martin Launch Vehicle, Ariane 5

Cost

$80 million each
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The initial requirement presented by the marketing group was continuous global coverage
at 1 meter resolution. To eliminate the restrictions that cloud cover and darkness have on
optical remote sensing, the radar sensor was chosen as the principal payload. The analysis
of Earth coverage showed that hundreds or thousands of satellites would be needed to
achieve continuous global coverage, and that the data acquisition rates would be in the
Terabytes per second range.
These results are calculated by taking the surface area of the Earth (511 million square km)
and dividing by a typical footprint (imaged region) of a remote sensing payload at a LEO
altitude. Five million satellites each imaging a 10 x 10 km square or five hundred satellites
each imaging 1000 x 1000 km square provide global continuous coverage. The data rate is
15

estimated by taking the surface area of the Earth in square meters (51 x 10

),

and

multiplying by the number of spectral bands and bits per pixel per band.
From the financial point of view global continuous coverage is too expensive.

The

requirement therefore changed to "provide global 1 meter coverage of any spot on the Earth
as often as possible within financial and technical constraints."
After studying existing constellations, a model similar to the Iridium was chosen. The
Iridium-style constellation of 66 satellites in multiple planes provides any location on the
Earth with a view of at least one satellite, and it has a low Earth orbit which is appropriate
for remote sensing.

The team recognizes that more efficient constellations could be

designed, but the Iridium-style constellation is a good place to start.
To return the remote sensing data to Earth from all satellites in near real-time, data
conversion to the geo-stationary data relay satellites will be used.
Discussion of payloads
Synthetic Aperture Radar is a special application of active microwave remote sensing,
known as an imaging radar. SAR utilizes the forward motion of the spacecraft to synthesize
a much larger antenna, and thus provide a higher resolution. Both the amplitude and phase
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of the return signal are recorded and timed to differentiate individual signals which result
from small differences in path length. Early satellite applications for SAR included sea ice
and ocean applications. The independence of sunlight, the ability to penetrate cloud cover
with a high degree of accuracy and high resolution has created large commercial and
governmental interest.
The MISSION SAR payloads are considered to be two generations better than the planned
NASA LightSAR satellite payload which will fly in 1999. In order to have a wide accessible
SAR coverage the two main options could be either to perform a roll maneuver of the
spacecraft or to have electronic scanning with two antennae, each one looking on a different
side of the track. Here the two antennae option is selected. Looking at the LightSAR
specifications and extrapolating into the future, it is estimated that it would be possible by
2010 to have a two-sided SAR payload on one satellite, in order to scan both sides of the
ground track.

This is achievable on a small satellite bus only with advances in SAR

technology, solar arrays, onboard computer processing, and thermal management. The
MISSION SAR will function at X-band and use a 0.5 m by 5 m flat phased array antenna.
The SAR operates in two different modes: a first mode with a 100 km swath width and 10
meter resolution and a second mode with a 10 km swath width and 1 meter resolution.
There is a 1160 km accessible region on each side of the spacecraft. Indeed SAR look angles
between 10 and 57 degrees at an altitude of 700 km provide a maximum accessible swath
width of 1163 km. The combined two SAR antennas thus cover a total accessible swath of
2326 km. The power required is 8000 watts per burst per SAR. The data acquisition rates
for the SARs are in the hundred Mbps range which is within modem capabilities.
Multispectral sensor.
The marketing and financial teams decided that revenues would be increased by having an
optical imaging payload on the satellites in addition to SAR. High resolution was not
required since the SAR spotlight mode already provided a 1 meter resolution. A good
complement for image interpretation is a multispectral imager which would provide
Landsat-style 8-band images to the ground. Due to the large number of MISSION satellites,
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revisit times would be more competitive than existing SPOT, Landsat, or India Remote
Sensing (IRS) satellite ventures, and the possibility exists of combining the SAR data with
the optical data if desired.
The multispectral sensor images eight different wavelengths between 0.3 microns to 3
microns. The resolution at visible wavelengths is 30 meters, with a footprint of 185 km. The
accessible swath is more than 2000 km due to a scanning mechanism bringing the
instrument's field of view within a range of plus or minus 55· off nadir. The diameter of
the aperture is less than 10 centimeters.
Constellation, orbit and payload design.
Multiple satellites increase the amount of Earth coverage available. A constellation provides
observation on a frequent or continuous basis.

The principal drivers for selecting the

appropriate orbits and the number of orbital planes is coverage and temporal resolution
between successive orbits. The number of orbit planes is a fundamental characteristic for
constellation design. Another constraint is the planes' inclination at the Earth's equator.
Constellations with many different inclinations face problems with nodal regression, as it is
a function of altitude and inclination. The initial geometric relationship between the orbital
planes would change over time. Therefore all the satellites in the preliminary MISSION
constellation will have the same inclination.

To provide good lighting for the optical

payload, a sun-synchronous orbit of 98 degrees was chosen.
The design of a constellation is a process of selecting the parameters so that the largest
number of mission requirements can be addressed cost effectively. The orbit selection
process involves many compromises between contrasting and conflicting constraints. The
orbit defines many of the major mission aspects, such as cost, lifetime, viewing geometry
and the payload performance.
The number of satellites needed in a constellation
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To calculate the number of satellites required in the LEO constellation, many trade-studies
were performed. The most important parameter was SAR revisit time, which is the time a
spot on the Earth waits between one SAR pass and the next. There is a need to minimize
revisit time, maximize Earth coverage, but also minimize the number of satellites.
To perform the analysis, some assumptions were made: orbital altitude is 700 km,
inclination is 98 degrees, and two SAR swaths per satellite. First, the swath width was
calculated from simple geometrical relationships.

True outer hOrizon

Figure 4.2

Angular relationships between satellite, target and Earth center. [Larsen, 1995]

The formula is:

where A. = 90 - E -11,

=arccos(sin(11)I sin(p ),

and

E

where

sinp = REarth I ( REarth + H)

Using 11 1 = 10 degrees and 112 =57 degrees, the maximum accessible swath width = 1163 km.
With one two-sided SAR payload, each satellite provides a total accessible swath width of 2326
km.
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Seventeen swaths laid side-by-side would provide a continuous band of SAR around the
equator. This is calculated by dividing the circumference of the Earth by the 2326 km swath
width. Thus a constellation of 16 planes, with one satellite in each plane provides at least
one global SAR sweep every orbital period, or 98.8 minutes. Two satellites per plane
provides a revisit time of 98.8/2 = 49 minutes, three satellites provide revisit time of 98.8/ 3

= 33 minutes, and so on.

This relationship is shown in figure 4.3.
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Figure 4.3

Satellite revisit times

The method of analysis changes if there are fewer than 16 satellites. In this case, there are
gaps on the equator during each satellite pass and the revisit time increases drastically.
During one orbital period, the Earth rotates about 2745 km at the equator.

Since the

accessible swath width is 2326 km, then there is a remaining gap of (2745- 2326)

= 419 km

after two orbital periods. Six orbital periods (2326/ 419) are required to cover every part of
that gap. Thus, eight satellites provide a worst-case revisit time of 6 orbital periods or 593
minutes.

Obviously the revisit time with 8 satellites could be reduced by selecting

optimizing orbital altitude and the swath width, but in any case it would be at least 3 orbital
periods, and thus fall outside the revisit time requirements.
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Financial and marketing considerations determined that a revisit time of order 25 minutes
was sufficient to meet MISSION needs. A constellation of 16 planes with 4 satellites in each
plane provides global accessible SAR coverage with a worst-case revisit time of 25 minutes.
Launch costs dictate a minimum number of orbital planes so 8 planes were chosen rather
than 16. To reduce the number of rocket launches required and thus save money, the revisit
time for the case of 64 satellites spread in 8 planes was analyzed leading to a revisit time of
about 25 minutes on the equator. Therefore, the MISSION LEO constellation was chosen to
be 64 satellites, consisting of 8 satellites evenly spread in 8 planes.
Satellite orbit.

The orbital altitude range has been chosen as 700 km. MEO and GEO altitudes were briefly
considered but, to obtain the 1 meter resolution spotlight SAR capability, a LEO orbit was
necessary. The 700 km altitude has been chosen as a trade off between launch costs and the
space environment. Above 700 km the charged particle radiation levels are higher which
will reduce the lifetime of the satellite electronics, and launcher capability diminishes. A
lower altitude would increase atmospheric drag and require more on-board propellant,
although it is certainly possible.
Data acquisition rates

The satellite must be capable of receiving, processing, and transmitting the data acquired by
its three payloads. Since every satellite in LEO will be able to see at least one GEO satellite,
data relay to ground stations through GEO was chosen to minimize onboard data storage
requirements. This requires the remote sensing satellite to have pre-processing and data
compression capability.

Since the satellites are to fly at least 10 years in the future,

extrapolating from current trends and assuming full on-board processing and compression
of about 100:1 in the image domain before transmission seems plausible. For the optical
payload, the cloud-removal capability, that should be demonstrated by NASA's Clark
satellite in 1998, may be used.
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Another factor which reduces the amount of data acquisition and transmission is the
recognition that the satellites converge at the poles. As the satellites move away from the
equator, the coverage overlap increases. At the poles there is nearly full overlap with 8
satellites. At 45 degrees latitude there is 50% overlap. Satellites can reduce their data
collection to minimize multiple coverage.
With almost 70% of the Earth covered by water and another 10% of the Earth being the ice
caps and desert regions, images of up to 80% of the Earth may not require updating every 25
minutes by MISSION's customers.

This may further reduce the data transmission

requirements.
Table 4.5

Data rates

OPTICAL

LO RESSAR

HI-RES SAR

Effective Swath width

185 km

100 km

10 km

resolution, m

30

10

1

#bands

8

1

1

# bits per pixel

16

8

8

# Mbits/sec instrument output

200

60

600

On-board data reduction

25:1

60:1

60:1

# Mbits/sec

8

1

10

#satellites

64

64

64

TOTALS

860

19

Table 4.5 shows that each remote sensing satellite must be able to collect 860 Mbps, process
it and transmit 20 Mbps to the CEO satellites. Because of coverage overlaps near the poles
and the possibility of not scanning remote ocean areas at every pass, the average data
collection is estimated at 25% of the maximum.
In cases of loss of acquisition of the CEO satellite, each LEO satellite has 1 Terabyte of onboard memory storage. This would be possible in ten years time.
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4.1.4

Airborne segment

A major innovation of the MISSION system is the use of Unattended Autonomous Vehicles
(UAV). These unmanned high altitude aircraft will fly over major cities and disaster zones
providing continuous high resolution optical and radar vision.
Table 4.6
'

Characteristics of UA V
FEATURE

SPECIFICATION

Payloads

Panchromatic imager

-

'

SAR (one-sided)
#UAVs

> 100 located around the world

Flight Altitude

20,000 · 30,000 meters

Flight Endurance

7- 14 days

TT&C

via ground station

Control

Controlled from ground and via autopilot

Ground Stations

2-3 meter antennae diameter

Mass

1000-3000 kg

Engine

8000 watt electric propeller engine

Communications

TT&C: S -band

Frequencies

Data: Ka-band (10 Mbps downlink, 2 Mpbs uplink)

Cost

$2 million each, $200 per hour operations cost
$8 million per year total cost per aircraft

Unmanned Autonomous Vehicles (UAV), High Altitude Long Endurance platforms, and
flying drones complement and enhance the services provided by the remote sensing LEO
satellites. UAVs will be deployed over cities and disaster areas to provide continuous 15
em resolution SAR and optical coverage in real-time. Unlike LEO satellites, the UAVs can
remain over one spot on the Earth by flying in a circular pattern. By flying above 20,000
meters altitude, UAVs avoid interference with commercial aircraft and problems with
turbulent weather.
These unmanned vehicles have evolved from primitive, unmanned versions of standard
production aircraft to new designs involving solar-powered airplanes and advanced
balloons, with flight endurance capabilities of days and weeks. Ultralight craft such as
NASA's "Pathfinder" have reached altitudes at least 20,500 meters under the equivalent
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power of 6-8 kW and stayed aloft several days [Domheim, 1997]. Although they are simple
technology demonstrators, the MISSION team expects that within the next ten years, new
designs of these "aircraft" will enter the civilian market.
The parallel evolution of airborne remote sensing instruments has seen a reduction in the
size of microelectronics, along with an ever-increasing expansion of the technical
performance of these instruments. Long-range video cameras installed on conventional
aircraft can produce sharp, <0.2 meter resolution images at speeds of 370-460 km/ h and
altitudes of 6000-7600 meters, with software packages that compensate for haze, smog or
light clouds [Fulghum, 1997]. Synthetic Aperture Radar (SAR) technology has also evolved
significantly, and is currently being developed for civilian use in areas such as policing of
urban areas, and border control.

These systems, integrated with GPS and advanced

telecommunications packages, will evolve into smart observation tools that will prove to be
essential for future urban planners and disaster relief agencies.
Satellites require a certain period of time to cover a previously-observed area.

The

MISSION LEO constellation takes not more than 25 minutes to look at the same region
twice. Many applications, such as traffic monitoring, require updated information every
minute. Other applications, such as disaster control, require continuous monitoring of
specific areas. Continuous monitoring cannot be met by a cost effective satellite system, and
ground-based methods are also quite costly. However, UAVs can be deployed to cover a
specific region on a continuous basis in a cost-effective manner.
Under NASA's ERAST (Environmental Research Aircraft and Sensor Technology) program
a NASA-industry alliance is developing key technologies that will enable specially-designed
aircraft to study the Earth's environment during extremely long flights (two to three weeks),
at altitudes in excess of 30,500 meters, and very low speeds [NASA, 1997]. Furthermore, the
US military has been developing UAVs for the past 30 years, and recently flew UAVs to
support the Bosnian peacekeeping mission. Programs such as the "Tier 2" Predator are
aiming at producing unmanned aircraft that would fly at an altitude of 18 km for 42 hours
with a 450 kg communications and reconnaissance payload [Nordwall, 1997]. The MISSION
team believes that UAVs will be ready for civilian use within ten years.
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Current military UAVs are capable of performing several tasks at the same time to meet the
needs of advanced battlefield management systems. The American Global Hawk or Israel's
Hermes 450 incorporate electro-optical sensor systems fitted with GPS receivers and
telecommunications packages. Other systems are being designed to serve as data and
telephony relays in combat and remote areas. Furthermore, over the last five years UAVs
have "established a solid reputation with the successful operation of video/infrared
cameras and SAR payloads" [Fulghum, 1997]. These aerial observation vehicles could be
applied to civilian use, and their multimission capabilities could be developed to serve the
needs of individual or collective users. Services could range from aerial reconnaissance
(optical, infrared, SAR) to wireless telecommunications (enhancing local cellular networks)
in the form of telephony or data transmission.
Aerospatiale is currently designing a new system called SAROHALE (Syteme aerospatial de
reconnaissance et d'observation d'altitude longue endurance) which can operate
continuously over large areas, combining its observations with satellite imagery.
SAROHALE can fulfill military and civil missions, flying above 18km (thus avoiding
commercial flight routes). The system can remain in flight for more than 20 hours. It is
equipped with modular interchangeable payloads (depending on its mission) that range
from radar to infrared and lasers. The system is highly automated and can be operated
remotely.
Long range cameras such as the one built for the American DarkStar UAV (91.4 em. focal
length) are capable of transmitting high-resolution pictures (<1 meter) at medium and high
altitudes, while flying at speeds over 370 km/h. The information can be transmitted
directly to the ground station or relayed via satellite. The capabilities of these cameras are
conditioned by the transmission data rate [Fulghum, 1997].
The real-time images obtained from cameras and SAR onboard the UAVs are ideally suited
for traffic monitoring, real estate development, urban planning, policing, imaging of plant
communities and species, drought stress, burned areas, grazing intensity, phytomass
production, and insect infestations.
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Compared to satellite remote sensing systems, airborne vehicles cost less to purchase and
operate. Military UAVs, including their payload, cost around $10 million. Operating costs
are about $5000 per hour. According to the 1996 HALE report by the European Space
Agency, a 100 kg UAV could support a 200 kg payload. If 50 units were manufactured, each
UAV would cost less than $2 million and the operations cost would be less than $200 per
hour. It has been assessed that UAVs will be operated by the owner / investor of the
MISSION system and thus no operating or capital expenses have been assumed in the
financial plan. MISSION will, however, assist in the procurement of UAVs on a bulk basis,
from suppliers. It will also assist in acquiring UAV data and providing links for UAV data
to the DIMC, thus producing revenues from the sale of this information.
Aerial vehicles must be optimized in terms of engine type, fuel consumption (in the case of
aircraft that use combustion engines), payload mass vs.
aerodynamics.
hardware.

take-off mass ratio, and

The payload for remote sensing includes sensors and transmission

On-board processing is possible.

Visual and infrared systems are already

common. A key component of the system is an embedded GPS receiver which is combined
with the aircraft's inertial-navigation system to send aircraft position, attitude and speed to
its processing unit. This is essential to correct the radar image for geometric distortions.
GEO segment

4.1.5

The GEO constellation consists of three active satellites and one on-orbit spare.

Their

function is to relay remote sensed data from the LEO constellation, relay the L-band
position data from the GPS satellites, and to relay tracking, telemetry & control data to both
the MEO and LEO satellite constellations.
GEO satellite specifications

Table 4.7

SPECIFICATION

FEATURE
~

Payloads

8 data relay transponders

#Satellites

4 (3 active, 1 on-orbit spare)

Orbit

36,000 km GEO altitude, evenly spaced

TT&C

to and from ground via ground station

Ground Stations

3 ground stations transmit and receive TI&C
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10 meter diameter antenna required
Mass

2100 kg (including 600 kg propellant)

Attitude Control

3-axis stabilized

Power

5000 watts end of life

Communications Frequencies

TI&C: S-band
Broadband

Data Transmission Rate

=Ka-Band

2 transponders at 622 Mbps in Ka-band
6 transponders at 10 Mbps in Ka-band

Probable Launchers

Ariane 5, Atlas liAS, Proton K

Cost

$165 million each

Number of Satellites.

Three satellites separated by 120 degrees at geostationary orbit give full global coverage
except at the poles as illustrated in figure 4.4. The GEO satellites have a field of view angle
of 25 degrees to increase the elevation angle in high latitude areas and to provide better
coverage of the LEO constellation.

Figure 4.4

GEO constellation

Three satellites separated by 120 degrees in the geostationary orbit overlap each other on
either side by about 6% along the swath width.
The data relay payload
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The data relay satellites in the GEO satellite perform these functions:
•

Receiving the remote sensed data from the LEO satellites

•

Receiving the user position data from the GPS satellites in MEO

•

Relaying these data to the ground based stations

•

Relaying TT&C data to LEO and MEO constellation

This system will reduce the number of ground receiving stations required for global
coverage. This reduces the operational cost of receiving data

1 Inter-Satell ite Link
2 Inter-Orbit Link
3 Feeder Link
4 Earth with Dl MC
5 LEO Constellation
6 GEO TORS

6

Figure 4.5

The communications links

The communication links consists of three parts as illustrated in figure 4.5:
•

Feeder links between Earth station and the GEO satellite

•

Inter orbit links between the GEO satellite and the LEO and MEO satellites
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•
4.1.6

Inter-satellite links between the GEO satellite
Data links with the airborne segment.

The forward link is the communications link from LEO or MEO satellites to the GEO
satellites to the ground terminals. The return link is ground terminal to the GEO satellites to
the LEO or MEO satellites.
The preferred frequency bands for the data relay satellites are as follows:
•

Forward feeder link, Ka-band and S-band for telemetry

•

Return inter-orbit link Ka-band

•

S-band for telemetry

•

Intersatellite links on 60 GHz V-Band or optical communication

•

Ka-band link with the airborne segment

The Ka-band is preferred for feeder links in order to ease co-ordination with other
communications satellite systems which mainly use lower frequency bands. In addition, it
will facilitate the location of Earth terminals close to the users, the control and processing
centers and satisfy the need for large bandwidth required to transmit large volumes of data.
The link budget analysis establishes the minimum effective isotropic radiated power (EIRP)
and antenna sizes required to support data relay links. The link budgets were calculated for
bit rates of 2 Mbps, 8 Mbps, 155.5 Mbps and 622 Mbps. Based on the analysis, the antenna
diameter for the feeder link on board the GEO satellite is suggested to be 2.8 meters, and a
ground antenna diameter of 14.8 m is required to support transmission of 622 Mbps.
A multiple beam array with beamwidth 3 degrees may be used in order to reduce the
ground terminal antenna diameter. However, this may result in the increase of the GEO
satellite antenna diameter and hence a trade-off between the two antenna diameters is
essential.

Development of phased array antennae will lead into using electronically

steerable and switchable-antenna beams which will decrease the GEO satellite antenna
diameter considerably. The proposal in this design is to use multibeam antenna that will
improve the overall link efficiency and meet cost requirements.
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4.1.7

Mission control and operation

Control of the three constellations occurs at the mission control centers. Four ground
stations provide the capability to communicate with each constellation. The GEO satellites
will be the primary communications link between the ground and the LEO satellites, but the
ground stations provide a backup capability.
The primary functions of the TT &C payload on the GEO satellites are as follows:
•

Relay telemetry data from GEO, MEO and LEO satellites to the ground control
centers

•

Transfer telecommands to satellites from the ground control stations such as
beam switching of the telecommunication payload

The geostationary satellite are equipped with a TT&C channel operating in the S-hand (2
GHz), with a maximum bit rate of 512 kbps to serve telemetry and telecommand
requirements of the three satellite constellations. CDMA multiplexing techniques will be
used by the satellites to relay their telemetry to ground stations from GEO. To ensure high
reliability of this method, inter-satellite links for the TT&C operations are used to provide
redundancies. Microwave inter-satellite links are used in the first generation of the GEO
data relay satellites and optical links are possible for the next generation.
Sites of ground stations should be chosen by taking account of the following factors
•

Should not be prone to natural disasters (floods, earthquakes)

•

Must have minimal interference with other systems

•

Should have a wide field of view

•

Must be politically stable and secure.

Telemetry
All satellites in the MEO and LEO will relay their telemetry to ground stations through the
return link. Telecommand operations will originate from any control stations but must be
validated by the main control center before being executed.
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GEO
Forward link

Return link

Ranging signal

Ranging signal

Figure 4.6

Telemetry, tracking, telecommand and ranging interconnection.

Forward link is defined as the ground to GEO to MEO or LEO. The return link is defined as
MEO or LEO to GEO to ground antenna as illustrated in figure 4 6.
Ranging and Tracking
Ranging of the MEO and GEO satellites is performed directly by the ground stations once
the satellite comes in their coverage areas. The LEO satellites will have GPS receivers onboard and will calculate their position directly.
There is a future possibility of the ground station performing ranging of the MEO satellites
through a GEO satellite in order to be able to carry out ranging on a satellite even when it is
outside its coverage area. One advantage of using this kind of system is reduction in costs
of the ground stations while keeping track of the satellite housekeeping continuously. It
also enhances efficiency since coordination on ground stations by tracking personnel is
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minimized. By all the satellites of the constellation sharing the same S-band antenna for
tracking, telemetry and telecommand, operational costs of the tracking stations are greatly
minimized.
Satellite security
To protect the satellite from accidental or deliberate destruction through telecommanding, a
command verification procedure and a security code are incorporated in the design before a
command is executed. All the ground tracking stations must verify the command with the
master control station before it is executed. Thus every satellite is designed to accept a
command only after its request for confirmation is answered by all the ground tracking
stations. Also each station transmits its password for identification by the satellite before it
accepts the command or confirmation.
Ground Station Link Budget Analysis
The link between the GEO satellite and the ground station has been evaluated in order to
size the diameter of the ground control station required to uplink commands and receive
telemetry signals at the specified bit error rate. The results in table 4.5 show that a ground
station antenna of diameter 10 meters is required to support tracking, telemetry,
telecommanding and ranging activities. Since previous analysis showed that a 14 meter
antenna was required to receive the data from the GEO satellites, the TT&C function is not
the primary driver in the design of the ground station antenna.
The main functions of the ground segment consist of the following:
•

Telemetry, telecommand, ranging & control services

•

Interface between space based system and customers

•

Integration and distribution of gee-information services

The mission operation center manages the mission resources including payload and the
ground segment.

It controls transmitter power, data rate, and service frequency, and

coordinates the payloads and channels of spacecraft upon service request.
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control centers are planned to perform tracking functions which receive all spacecraft
telemetry signals·and transmit command signals via the GEO satellites.
The Data Information and Management Center has three main types of functions:
•

data acquisition: real time acquisition of in situ data as well as remote sensed
data from LEO satellites via the GEO satellites in the geo-stationary orbit.

•

data processing: collecting, processing and integrating all data from spacecraft,
ground-based database system and Internet services

•

data management: distribute and control the gee-information services on request
by users I customers.

Users can be categorized as mobile or fixed. Fixed users can access the service center
through PSTN, ISDN or Gil network or by direct access. Mobile users can access the service
center via a satellite communications payload. They can directly receive GPS signals from
the GPS payload. They can also directly access the Internet via the service center; in that
case the service center plays the role of gateway.

4.2

Data and information ground segment

This section deals with the whole chain of information from user request to product
delivery. The user request is a result of the user needs identified in Chapter 2.4, and the
possibility exists to satisfy them by the MISSION system.
The Data and Information Management Center (DIMC) is that part of the MISSION system
handling the request and providing the product to the user. This product is not only geeinformation, but a service which is providing solutions to satisfy the user needs.
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Data and Information
Management Center
=DIMC
Figure 4.7

User making a request to the Data and Information Management Center

Figures 4.7 and 4.8 illustrate a user with a problem or a question making a request to the
Data and Information Management Center and thereafter receiving the solution.
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Figure 4.8

The Data and Information Management Center providing solution to a user

The Data and Information Management Center will be the interface between the User and
the Data and Services Providers. The purpose of the system is to assimilate different kinds
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of data to provide useful geo-information for the user. Figure 4.9 illustrates how this can be
visualized. On one side, the user makes a request to the Data and Information Management
Center and receives the response. On the other hand, the data required to satisfy the geoinformation needs are fed into the system.

Data and Information
Management
Center

a
Figure 4.9

Wireless
~~

Fiber

• storage and archiving
•data compression
•request handling
•data search and retrieval
• processing
• basis for billing

Wireless
~~

Fiber

Data
Provider

The Data and Information Management Center Interfaces

Within the Data and Information Management Center the following tasks have to be
handled:
•

storage and archiving : the data arriving from the data providers have to be
stored and archived in order to be available for processing.

•

data compression : the amount of data to be handled by the Data and
Information Management Center can be reduced by using sophisticated
compression tools .

•

request handling : the request coming from the user has to be interpreted and
transformed into a request which can be understood by computers.

•

data search and retrieval : the data necessary for the processing has to be
located. These data might be stored locally or in one of the Data and Information
Support Centers (DISCs)

•

processing : the processing is basically the creation of the product, or what is
defined as the solution to the user needs. GIS and its various software layers will
become the most important tool in merging and analyzing the different input
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data. Processing can take place locally in the Data and Information Management
Center or in the Data and Information Support Centers (see Figure 4.10). This is
dependent upon what is more efficient in order to reduce the response time of
the overall system.

Figure 4.10

The Data and Information Management Center serviced by Data and Information
Support Centers

•

billing : the revenue for the system is generated by the u sers paying for the
service and the products. The way in which the billing is done is therefore
crucial to the success of the system. Since various products and services are
going to be provided, it is quite clear that the billing will have to be considered
carefully and have a big impact on the marketing of the system.
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Data and Information
Management Center
=DIMC
Figure 4.11

4.2.1

A satisfied user paying for the service

System requirements

The Data and Information Management Center will, as mentioned above, be interfacing the
users with the data and services providers. The user needs will determine the requirements
of the Data and Information Management Center and the resulting design will define the
requirements of the Data Provider segment.

~----R_e~q_ut_.re_m__en_t_s____~~-----------------=--

User
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=DIMC
Data Segment

L __ __
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d_Pu_s_h____

~~----------------=-

Detailed Design

117

MISSION

Figure 4.12

Demand Push

The requirements coming from the user's side will be determined by factors like:
•

response time : some services, like emergency calls, will require a very short
near real-time response, in some cases down to 5 seconds. For other products the
response time may be much more relaxed, i.e. on the order of days and weeks.

•

reliability and accuracy : for any service providing solutions there will be a
probability of accuracy attached. The risk of the user taking wrong decisions
based on erroneous information is something which has to be considered
carefully.

•

price : in order to achieve the biggest possible market share, the system has to be
cost effective, and this will obviously influence the design.

•

request complexity : the request complexity allowed will have a big impact on
the system design, since complex requests will require advanced request
handling software and sophisticated data retrieval algorithms.

•

product range : the product range and diversity will strongly influence the
complexity in the processing and data retrieval.

4.2.2

System design

The Data and Information Management Center design stems from the system requirements
identified in Chapter 2.4; there it was shown how the requirements result from the user
needs for gee-information products in the first part of the 21st century. The Data and
Information Management Center has facilities for the collection, processing, archiving, and
distribution of all required static and real-time information for the MISSION system. The
MISSION information system of the future will appear incrementally, initially incorporating
existing systems and functions, and moving towards a global, integrated information
network.
The MISSION implementation plan requires that a Data and Information Management
Center be built, w hich will house the necessary processing and archiving equip ment, and
have access to the data collection and distribution channels. Significant challenges for this
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system include selection of the number and type of static and real-time data sources, the
ability to provide sufficient processing power and storage space at a cost-effective price, the
required and possible data transmission rates to satisfy all information requests, and the
amount of investment capital required in order to commence system construction and to
ensure its continued growth until sufficient system revenues are generated for it to be selfsupporting.

The implementation plan of the MISSION information network occurs in three stages
roughly five years apart, corresponding to phases of growth in the number of facilities, and
of the number and types of services which will be provided.

The initial phase of

implementation will entail the establishment of Data and Information Support Centers in
large urban areas, which will amalgamate and archive existing digitally available
information from a variety of sources. Initial investment will be required to begin to
produce the facilities and services, which will then be used to further enhance and develop
the archiving, processing, and information management facilities.

The second phase of implementation will see a growth in the number of collection facilities,
the processing and distribution services offered, and the geographical range of services and
information provided. Distribution of the products will be managed by the Data and
Information Management Center based on personal on-demand requests and the end user
can, in the final design, chose between four terminals (see Chapter 9).

For the third phase of implementation, the distribution channels of the MISSION system
will gradually change from terrestrial to space-based. Processing capability of the Data and
Information Support Centers will be able to accommodate all real-time user requests for
information.
4.2.3

The information and data flow "chain"

This section deals with the flow of data and information in the MISSION system. The
process of transforming amounts of data into useful information can be continuous or be
dependent upon a user request.
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4.2.4

Data
Providers

The Information and Data Flow

The system components

The Data and Information Management System consists of the following parts :
•

Ground Stations

•

A Terrestrial Gateways

•

A Data and Information Management Center (DIMC)

•

Data and Information Support Centers (DISCs)

The Data and Information Management Center will support two different types of users,
mobile and fixed. The mobile users will be anyone in need of gee-information, while the
fixed users will be gee-information centers of different kinds.
Figure 4.14 illustrates the overall Data and Information Management architecture. The
mobile users will be able to access the Data and Information System through the terrestrial
wireless or the space based communications system, which one being dependent upon the
stage where the system is in the overall implementation plan. In the initial phase, only the
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terrestrial link will be available for the mobile user. The fixed user will, in addition to the
wireless connection, have the possibility of connecting through the terrestrial gateway.

Grou d Station

Mobile Users

Fixed User

Gateway

Data and Information
Suppon Cen~r
(DISC)

Figure 4.14

4.2.5

Data and Information
Management Cen~r
(DIMC)

Data and Information
Suppon Center
(DISC)

The Data and Information Management System

Database conceptual design

The conceptual design is a critical phase in setting up a database structure. In the initial part
of the design, the decision must be taken on whether the system will be centralized or
distributed. In order to take advantages of both techniques, a hybrid system is considered
here. A central database (COB) is the heart of the system, and several databases (DB;) are
connected to this central database.

GIS centers, ground station processing centers,

ministries, telecommunications providers, and meteorological services are examples of those

Based on the new concept of the Client/Server technology, both kinds of databases (COB
and DB) can host data and process them. Each site is at the same time Client and Server.
On the other hand, each DB; can be viewed by another database or user in a different way,
constructing a sub-database DBij which is a view of the DB;. For example, let us assume a
GIS center dealing with different kind of data. A farmer is interested only in agricultural
Detailed Design

121

MISSION

data, whereas the urban management specialist is viewing the GIS center database only as a
source of the information needed in his decision making processes.

G

VIEW

B

DISC

DISC

/DIMC \

8

8

DISC

Figure 4.15

VIEW

DISC

Database structure overview

Additional requirements for the system are:
•

To be a standard and open structure

•

To have intelligent oriented objects

•

To have dynamic topology.

To fulfill these requirements the OpenGIS structure is applied; it is based on a seamless
relational database where all kinds of data are stored, including geographical [Open-GIS,
1997]. Therefore, all the information is accessed using a standard query language (SQL) for
any application, even if it was developed in a different environment and language. This is
possible using DTL (Dynamic Table Link), a method to declare user tables to the central
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system, and signaling an easy method to exchange selective information

between

applications. Hence, all our DB; and DB9 can communicate between each other via the
central GIS system.
Another innovative feature in the system is the "many to many" attributes. If in many
systems, attributes are used to add non graphic information to one graphical item, OpenGIS
invents a single relational objecfcalled a "Cell". It can comprise of an unlimited amount and
variety of objects linked together.

Furthermore, the "Cells" can be organized into a

hierarchical structure representing a network or other utility system [Open-GIS, 1997].
All the geographical information is presented as objects such as polygons, lines, points and
dynamic texts. Each object includes standard indicators for classification, qualification and
identification. The feature which makes the OpenGIS powerful system is the dynamic
topology of the geographical data.
generate a view.

A legend is mapped over the Object Database to

Legends can easily be made, saved, modified and applied.

A

programmers' library is also available for the user to personalize and build his/ her own
view [Open-GIS, 1997].

··~
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Figure 4.16

4.2.6

DIMC surrounded by some of the support centers

Data and Information Management Center

The Data and Information Management Center (DIMC) is the heart of the data
management. It is here that all information requested by the user will be elaborated,
processed, stored and archived. This center incorporates the most sophisticated expert
system software in order to reduce the volume of data and the processing time needed to
solve the user's request.
The DIMC is composed of four parts :
•

the Authorization Layer (AL) is an 'administrative' layer which verifies that the
user sending a request is registered and authorized to use the service. That layer
checks the status of the user in its subscription list that is supplied by the
commercial services

•

the Request Handling Expert System (RHESYS) is the heart of the center. Having
to reach the answer to the request, RHESYS has access to every DISC on the
network. Furthermore it controls the processing capabilities, the Geographic
Information System (GIS) and the local database

•

the different processing capabilities can provide a wide panel of performances

•

the database and the GIS provide storage for previous request and answer
computation steps. Only static data, such as the requests, answers and their
computation map are kept in that database
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4.2. 7

DIMC Structure

Request type

Three types of request which the center will have to handle can be distinguished; they are
strongly related to the response time.
Preset Requests
The most demanded information, such as weather forecasts for a certain region, will be
prepared in advance and continually updated after a certain time interval, so that the
delivery of the answer is almost instantaneous.
Emergency requests
These requests will not necessarily lead the system to deliver an answer to the sender, but
may deliver the answer to an emergency center or an another user for instance. The time for
a response in that case is critical and has to be very short.
Personalized requests
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Some users may ask for very specific information concerning their own properties, for
example. These requests cannot be planned in advance by the system unless it is asked to
do so. In that case, a 'contract' has to be established on-line with the user who agrees on a
response time.
4.2.8

Standard Interface Language

To be able to formulate a request on one side and understand it on the other side, both the
user and the system need to have a common language: the Standard Interface Language
(SIL). That language can be any existing language or future language, but it has to be
extensive enough to allow any request to be clearly codified so that no ambiguity can
appear in the dialogue. That language will in no case restrict the use of the system. It is
only an interface between the user terminal and the DIMC.

The designers and

manufacturers can include, in their MISSION terminals, translator software from any other
language into SIL so that all people around the world will be able to access the system
without learning a new language; that includes blind people, deaf people and other
disabled people.
4.2.9

Answer computation

This is the most critical part of the system. It has to fulfill the users' expectations quickly,
clearly and reliably. The answer will be composed of a set of data (raw data, previously
processed data or a combination of both) that will be processed in some way to produce the
desired information.
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Figure 4.18

Data selection

The first step in the computation is to choose the set of data required. The system may face
different situations in obtaining those data.
•

All data are in the local database. The system goes to the next step.

•

Part or all of the data have to be accessed in DISC. The system checks its DISC's
databook to select the DISC that can provide the data.

•

Part of the data is not available and has to be acquired. The system asks the
Ground Station to acquire the RS images that are required.

Process map

Once the selection is made and the data are available, the system chooses a processing map
and runs it.
Archiving

The answer is stored in the database and both the set of data and the processing map are
archived so that the expert system can reuse them later if needed, saving processing time.
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Because the answer may be of a different type (geographic, text, image, audio, video) there
will be a need for more than a conventional database. That is why a GIS is required in the
DIMC.

4.2.10

Basis for pricing

To allow the billing service to calculate the price of a request, RHESYS has to provide that
service with two parameters, the Weighted Amount of Data (WAD) and the Global
Processing Time (GPT). The WAD is the sum of the weighted size of data needed to come
up with the query answer. The weighting used to calculate the WAD, for example, can take
into account the number of accesses to each data point entering into the computation and
their respective size, as shown on figure 4.19, but another algorithm can easily be used.
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Concerning the GPT, there will be no weighting.

4.2.11

Difficulties

During the computation the system could face several difficulties that have to be handled by
RHESYS.
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Data conflict

In the dataset collection process, two DISCs may provide the same information but with
different values. RHESYS has then to resolve that conflict.
Unavailable data sources

In some events, some of the DISCs may not be reachable, or simply one of the needed data
sets do not exist. The system either
•

rejects the request. The user is informed that the system is not able to answer the
query, or

•

gives a partial answer. The user is informed that only a part of the query can be
answered. The user may then cancel his request or agree on a partial answer.

4.2.12

Data processing

The rate at which data can be processed is increasing exponentially. In 1965, Intel cofounder Gordon Moore noticed a trend in microchip performance, that the transistor
density on the chip doubled every 18 to 24 months. Since then, this law has proven correct
and is the basis for many planners' performance forecasts [Cray, 1997]. Forecasts even for
the next five years project multi-Teraflop supercomputers [Intel, 1997].
As the amount of required information increases, so does the required computing capability
to process it quickly enough to meet real-time demands. The past 15 years have seen an
increase in computer processing and storage capabilities by several orders of magnitude.
Table 4.8 compares the processing capabilities of home desktop computers in 1984, and
1997, and extrapolates to 2015 assuming that this trend continues.
Table 4.8

Computer characteristics
IBM PC

Pentium

Factor

2015

Bus size

8-bit

32-bit

4

128-bit

Clock speed

4MHz

200 MHz

50

10 GHz

RAM

0.5 Mbytes

32 Mbytes

64

1 Gbytes
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Disk storage space has similarly increased by several magnitudes, from 10 Mbytes in 1984,
to a recently-available 8.4 Gbytes [IBM, 1997], a factor of 840. Extrapolating this trend 15
years into the future would see a desktop computer storage capability of approximately 7
Terabytes. Additionally, palm-sized computers currently offer computer processing and
memory capabilities similar to desk-top computers of 15 years ago. Although the projected
processing capability of home desktop computers in the year 2015 seems unrealistic, the bus
size and clock speed closely match the characteristics of a present-day Cray C90
supercomputer containing 12 processors operating in parallel, and which costs $30 million.
As the physical limit of single-processor computers is reached, parallel processors will
become more common, for which specialized parallel algorithms will be required. This is
the trend of current supercomputers, which can contain up to 2048 processors. Many
computationally-intensive problems - in fluid mechanics, seismological, structural, and
climate modeling - use algorithms which are well-suited for parallel processing.
Parallel supercomputer processing power and huge data storage capabilities will be
required for such an input- and processing-intensive system as is proposed by the MISSION
program.

This need can be seen in the data collection, processing, and management

requirements of meteorological forecasting. From the input data, the European Center for
Medium-Range Weather Forecasts (ECMWF) processing facility calculates predictions for
temperature, humidity, and wind at almost 140,000 points in Europe, at 31 different levels of
the atmosphere- in excess of 4 million points.
4.2.13

Geographical Information System

Geographical Information Systems (GIS) is a tool which " .. . is simultaneously the telescope,
the microscope, the computer, and Xerox machine of regional analysis and synthesis of
spatial data" [Alber, 1988]. Hence, the GIS is a new enabling technology which offers a
broad range of capabilities to the users in order to allow them to consider both micro- and
macro-scale analysis of spatial data.
The structure of a typical GIS system has four components:
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•

Input: acquisition of different types of data (geographical and alphanumeric)

•

Spatial analysis: processing and exploitation of data

•

Output: presentation of information in cartographic form

•

Database management and inquiry [Aronoff, 1995]
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Figure 4.20

GIS components

The spatial analysis component is the real benefit of GIS systems. By separating all of the
data (decomposition), we can recombine then in different ways using the GIS geo-referencing
capabilities which allows the combination of all the data in a common map projection and
co-ordinate grid. The current state is that the GIS manipulates just raster and vector data.
But, in the future, technologies such as remote sensing, relational databases, GPS, CAD and
video enhanced graphics will merge towards an Integrated Information Management creating
a very powerful new information management structure.
The different data files in the GIS can be represented analogously to layers in a cake,
superimposing one upon another until all the elements to be studied can be seen together;
they are referenced to the same set of co-ordinates ready for analysis.
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The GIS layer cake

As the data can be displayed in the form of a map (two dimensional or three dimensional),
the objects which the data represent are all points, lines, areas or volumes, e.g. buildings,
roads, fields or elevation. These data, if two-dimensional, can be either raster or vector data,
while three-dimensional cubes are voxel data, which is cubic raster.
Raster Format

When data are transformed into raster format they are divided into grid cells, each cell
having a single value. This means that at a boundary where the data contained in one cell
differ, the majority value becomes the value for the cell. However, the cell can be split up
into smaller cells, if required. This format allows for a simple array storage which can be
processed faster than vector data. It can be easily integrated with remotely sensed data,
scanned aerial photographs and raster digital elevation models due to its grid style, and it
also allows for easy overlaying of the data slices.
Vector Format

Data of vector format are a series of points (or nodes) each represented by a pair of coordinates. These points are then connected by lines; where the lines intersect they create
polygons. This allows the boundaries of areas such as fields to be represented with greater
accuracy. The storage of vector data is more complex than that of raster data; however, the
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format of vector data allows a compact data structure for which updating and editing is
possible. This leads to vector technology being more expensive than raster technology.
Alpha Numeric Data
Relational Databases are a way of minimizing the processing and storage of complex data
sets by referencing different data tables but extracting only the data required. For example,
the symbolic map in figure 4.22 might represent a town where each section is a different
type of residence area (high rise, suburb, etc.) where a company wants to target the one
which is most suited to its new product.
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Terrain

I

grass

II

grass/concrete

Ill

concrete

JI

I
III

Figure 4.22

Geographical and Alphanumerically Data Relationship

From one data base comes the map of the surface terrain, with each section assigned an
identification number: I, IT, Ill. The roads of that area could then be overlaid and the
addresses of the residences obtained. From there, another database would be accessed and
the addresses cross-referenced to obtain the telephone numbers of the homes in that area.
Audio
Audio data of areas can be obtained by a team driving around the area with a GPS receiver
on the vehicle and that team describing what they see at each location . The user will then
have the option to listen to this when he/she requests information on a set location. This
could be useful both to increase the impact of the information and to include extra detail.
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4.2.14

Database management

A significant portion of this information management system will be databases of static or
near-static information, which must be maintained (continually updated). The Data and
Information Support Centers will collect, store, and maintain data on a variety of needed
information, including maps, transportation schedules (bus, train, plane), and support and
service information (car rentals, hospitals, hotels, restaurants, "yellow pages," banking
hours, etc.).

Additionally, Data and Information Support Centers could maintain a

"travelers' encyclopedia," containing such information as local radio and television stations,
news media, the political structure of the area, and a variety of tourist information
(attractions to see, how to see them, dangers and annoyances).

4.2.15

Static information databases

In the preliminary stages of implementation (the first 5 years), Data and Information
Support Centers would be small and be located in large urban areas, where the largest
markets are available in the smallest geographical area.

End-users would purchase

information packages through the Data and Information Management Center either through
satellite or the gateway (only for the fixed user)
As the system evolves, the Data and Information Support Center network will grow to
include facilities such as airports, train stations and highway tourist information centers.
Eventually, the system will evolve such that the service will include products based on data
from a wide range of Data and Information Support Centers. Ultimately it could evolve into
an "information on demand" system, akin to a portable Internet connection, which would
utilize

the most efficient and cost-effective ground-based or space-based

data

communication channel, in order to obtain any needed information immediately.

4.2.16

Real-time information databases

Real-time information processing and distribution network: much information may be
required in real-time, as it is occurring. This could include:
•

road or traffic conditions: rush-hour traffic situations, accidents and blocked
intersections
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•

weather conditions and forecasts: expected severe weather systems such as hail
storms or high winds, fog, and even marine weather for pleasure or fishing boats

•

emergency or disaster situations: floods, power blackouts, fires. For example,
following a fire at a chemical plant, dispersion clouds, affected areas, and
evacuation plans would be transmitted

•

business information: stock market prices

•

personal information: analogous to current personal pagers or cellular
telephones.

Currently, such information is commonly broadcast on public radio stations, and is
available "on-demand" on teletext television channels.

For the MISSION system

development, a similar "on-demand" implementation scheme of information distribution is
envisioned.
For the first phase of system implementation, repeating pages of real-time and some static
information could be available through demand. The information could be received by all
four types of end-user terminals. The local Data and Information Support Centers would be
responsible for processing all computationally intensive real-time data which it receives
(such as meteorological data), selecting what information should be transmitted (filtering),
and then digitally encoding and transmitting the information.
The information would be encapsulated into data packets (pages), and organized into
priority levels, based on importance. A possible priority scheme is as follows:
•

Emergency disaster situations (flood, power outage, fire at a chemical plant,
severe weather fronts).

Current and developing situations would be

superimposed onto a map, indicating which areas are affected
•

Road and traffic conditions, accidents, and construction sites, which would also
be superimposed onto a map

•

Business information (stock market prices)

•

Commercial advertising

•

Personal messages, such as those currently offered by personal pagers, which
could be encrypted before transmission
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•

Advertising.

Data and Information Support Centers would be responsible for collecting the weather
information, and only transmitting the final forecast to the Data and Information
Management Center. This is preferable to all meteorological data from a multitude of
sources being transmitted to all user terminals, where it would be processed and then
displayed.

Obviously, such information, namely the weather forecast, requires a

considerable amount of processing and interpretation which cannot be accommodated by
the projected end-user terminals. Further there would be much redundant effort if everyone
were to perform the meteorological calculations in order to arrive at essentially the same
result.
4.2.17

Data and information management operations

Request and product delivery operations
This section deals with the operational process concerning the user request and the product
delivery. The mobile user will always send the request to the space segment (MEO) which
will relay it to the ground station. After going to the Data and Information Management
Center through the gateway, the request is processed and the product is ready to be
delivered. The delivery of the product to the user follows the same channel as the request.
On the other hand, the fixed user has the option to go through either the space segment or
the gateway. This depends on the availability of a gateway connection and space segment
receiver equipment.
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Management Center
=DIMC

Figure 4.23

Request and Product Delivery Operations

Support centers interface operations
The Data and Information Management Center will be serviced by the Data and
Information Support Centers which consist of remote sensing centers, telephone companies,
emergency centers, educational institutions, city centers, traffic management centers and
banks. This configuration will depend on the incremental approach of adding services to
the system with time.
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Illustration showing how the central database in the DIMC is supported by the DISCs

Remote sensing data operations

The remote sensing data are acquired by the MISSION system three ground stations. When
acquired, the data are already compressed in order to reduce the load on the down-link.
The physical storage of the data will take place in the ground station facilities and the DIMC
will take care of updating its databases according to the acquired data. So whenever there is
a request coming to the Data and Information Management Center which requires remote
sensing data, it is recognized where the data are located and then processed locally or
transferred to the DIMC. In case the remote sensing data do not exist at any of the ground
stations "r any of the Data and Information Support Centers, this is reported to the Mission
Control Center. The Mission Control Center w ill then command the right remote sensing
satellite to acquire the desired data.
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4.2.18

Telecommunications

The telecommunications for the data and information management cover two different
parts, both dealing with added value items: processed information and ready-to-use data.
The processed information is the data that have been changed from the raw data by means
of compression or encoding; this information flows within the network between satellites or
ground segment and it is not accessible directly by the user. The ready-to-use information is
the processed data adapted to the format and needs of the users.
The first of these two parts is the last part of the communications path: the link user-MEO;
the bandwidth, protocot access method, multiplexing, modulation, standards and any
aspect relevant to the user communication will be described in relation with the kind of use
required by the user. The second part describes, in the same way as was done for the user,
the dimension and characteristics of the ground network that will link the Ground Stations
(GS) with the Data and Information Management Center (DIMC) with special emphasis on
the redundancy and use of standards for potential future inter-network links.
4.2.19

The MEO-user communication needs

The requirements for the transmission of the data are divided in two different types of data,
depending on the service required by the customer. These two types are broad bandwidth
and narrow bandwidth. The broadband services are those services that require a large
amount of data; here these are needed for downloading and sending images. The narrow
band services, or those where a low rate is required, are services like the transmission of
information for GPS, ground data for remote sensing and telephony.

Useful ground

information such as GPS coordinates, crop and soil parameters can be integrated with
remote sensing files. Telephony will need a data rate less than 5 kbps, since today we have
commercial systems, specially for satellite and submarine cables communications, which
can send voice at 5.8 kbps using ADPCM and sending information in the silent times
between sounds in a normal speech. In fact the vocoder rate is allowed to drop to 1.2 kbps
when no active voice is detected, providing variable bandwidth and ensuring the maximum
bandwidth efficiency. In this system a single voice channel will be 4.8 kbps since the
vocoder quality is not as high as required.
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The rates required nowadays for different services (see Table 4.9) will be improved due to
compression techniques. Some services that currently need a large bandwidth in the future
will be provided by our system in a cheaper and fast way due to the smaller bandwidth
required.
Table 4.9

Rates required for different services nowadays
Rate (Kbps)

Services

<1.2 kbps

Messaging/Paging

1.2 kbps

Narrow band Voice (Vocoder)

4.8 kbps

Voice and Narrowband Data

16 kbps

Voice (GSM) and Voice-Band Data

64 kbps

ISDN

144 kbps

Desktop Video Conferencing/ ISDN

384 kbps

High Quality Video/ Internet Access

1.544 Mbps

Document Imaging/ Data Access and Distribution

2.048 Mbps

VCR-Quality Video

6 Mbps

Broadcast Quality Video

10 Mbps

Ethernet

25 Mbps

HDTV

100 Mbps

PBX LAN

The global system will be based on the Broadband-ISDN protocols and ATM
(Asynchronous Transfer Mode) transmission systems, the transmission systems will be
transported by the SDH (Synchronous Digital Hierarchy). The advantage of ATM is that it
can handle service at a constant bit rate or at a variable bit rate. ATM is a connection
oriented protocol; bandwidth is allocated only when the user request a connection. ATM
can mix data, text, image and video, and deliver them simultaneously over the same
network independently of the end-user-equipment. Also ATM is available at different
speeds from Mbps to Gbps.
The signals will be modulated in QPSK, that offers quite a high practical spectral efficiency
of 1.5 b/s/Hz. The user access will be based on spread spectrum techniques, CDMA. The
bit rate for the user will range from 4.8 kbps for voice up to 2 Mbps for image download.
Currently, compressed video can be sent using 2 Mbps rate. For example, with this rate an
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image containing information of twenty megabits and with some reduction due to
compression, perhaps by 10 to 1, will become a 2 megabits message that could be
downloaded in just one second. This range should be enough for any use, particularly
compression techniques in the future will compress data by 20 to 1 or even 100 to 1
depending on the kind of data.
Table 4.10 shows different examples of applications and the download time, depending on
the kind of circuit with which the user is working. This gives an exact idea about the time
needed to download different information and images, and information on the time needed
to download the information (in bits/s) and the rate of the channel which has been
contracted. Depending on the connection to the network, a huge amount of information can
be received in a few seconds.
Table 4.10

Times required for downloading different amount of information at different transfer
rates

Application

Information

4.8 Kbps

64 Kbps

Digitized Photo

1 Mbit

3.5

16

2.6

0.5

Minutes

Seconds

Seconds

Seconds

7

32

5.2

1

Minutes

Seconds

Seconds

Seconds

42

3.2

31.3

6

Minutes

Minutes

Seconds

Seconds

16Mb

56

4.2

41 .6

8

(Sunday

Minutes

Minutes

seconds

Seconds

CAD/CAM

2 Mbit

Uses
X-ray Image

Digital Library

12 Mbit

384 Kbps

2Mbps

Newspaper)

The MEO constellation provides the direct communication with the users with the 40
satellites. Each satellite has 8 transponders, two of them will work at 155.5 Mbps and the
other six at 8 Mbps. At least 4 satellites will be in view at the same. The total MEO
constellation will therefore have a capacity of about 14.36 Gbps.

4.2.20

Transmission needs for the ground network configuration

The ground network configuration is based on three Ground Stations (GS) and a Data and
Information Management Center (DIMC). The Ground Stations will also have capacity
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available for processing data in order to optimize the use of the network reducing the
amount of data to be transported to the users and between Ground Stations and the DIMC.
In every GS only parts of the data will be stored and used, in the DIMC all the information
provided by the LEO remote sensing satellite will be centralized and processed. This center
will decide the information which will be sent, either as a complete image or a differential
image, to the user, depending upon the information that the user requires and also
according to the information that the center has. The DIMC will know whether only the
differential image between the current request and the previous request will be needed or
whether the whole image has to be sent; that will make the transmission of information
between centers and the customer optimized.
The amount of data produced by the LEO constellation of remote sensing satellites will after
compression be sent to the three TDRS satellites in GEO. These satellites will send this
information down to one of the three Ground Stations.

The average amount of data

handled by each of those satellites will be 680 Mbps, and 3.436 Gbps as a maximum. This
amount of data will be sent to each Ground Station. This information is firstly processed in
the GS and then sent to the DIMS.
The transmission links between each GS and DIMS will be two optic fiber systems of 9.953
Gbps (OC-192). The 9.953 Gbps optic fiber links will be enough to transmit the maximum
amount of data downloaded by the TDRS satellites, which is 3.436 Gbps, the data being
transmitted to the user, the voice communications and GPS information between the DIMC
and the GS.
One of the two 9.953 Gbps optic fiber connections will be used for transmitting the
information and the other one will be in stand by, ready for use in case of a transmission
failure. These links will connect the centers following different paths and having different
optical regenerators that will provide to the network the required reliability anytime and
anywhere. In the case of failure, the restoration to the spare fiber optics will be done
automatically, since both systems will be working in parallel; when a cut happens the
system just has to switch to the stand by fiber. The option of having both optic fibers down
at the same time is extremely unlikely.

Nowadays the reliability of the satellite
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communication systems is 99.99% of the time (about 1 hour failure per year); in this case
several satellites are in view at the same time and a hand-off can be done in case of failure of
the currently used satellite. These characteristics will provide the system with high added
value; it should be extremely reliable, offering a quality and speed of services that never
before was reached.
The fiber optic transmission system will be based on SDH; the use of these standards will let
future connections to other networks, if this option is given; also the use of standards will
make the provision of the equipment cheaper, faster and more flexible for interconnection
and hardware update. To ease the inter-connectivity will be useful and cost effective at
present and can, in the future be a resource when other networks will be connected to share,
buy or sell data, in the same way that Internet grew in the past.

4.3

New technologies

New technologies represent opportunities in the space field to build systems of larger
performance and lower cost. Judging from past experience, many opportunities will be
presented in the next 15 years, during which time MISSION will be designed, manufactured
and deployed. The background of new technologies is primarily related to advances in
microelectronics, new materials, propulsion systems, computers, and higher and higher
demands on information and informatics.
In 1983, the United States started the military space project called the Strategic Defense

Initiative (SDI), also known as the "Star Wars" project. Technological demand in the project
was so great that it lead to many new discoveries and new technologies. With the end of
the Cold War, many results of this secretive project come to the open, and now focused on
dual-use technologies, for military and civilian use.
When, in 1993, Daniel Goldin become the new NASA Administrator, he quickly embraced
the philosophy of "faster, better, cheaper." That motto, which is now quite legendary, is the
driving force behind many new space missions, not only in the USA, but also around the
world.
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Why new technologies? For many reasons: to decrease considerably space mission costs, to
increase substantially the benefits from public and private research and development
investments, and to improve space systems capabilities.
There is potential for nano-technologies to benefit space-based systems and related services
in several areas, such as in mass-market commercial developments, and in advanced
research within the transportation, informatics, and defense sectors.
Some of the key enabling technologies include the following applications:
•

space vehicles: low-cost and reusable launch vehicles; clean, hybrid solid
propellants; high specific impulse propulsion; micro-thrusters; arcjets; various
advanced electrical propulsion systems; and new materials like Carbon-60 (or
Fullerene) and its various variants like carbon nanotubes and their applications
for satellite structures and launchers.

•

microelectronics: Modular and Multi-functional Systems (MAMS); high-density
packing; advanced microchip flight computers; massively-parallel and neural
circuits, integrated telecommunications, and electronics; radiofrequency phasedarray antennas; high-density solid-state recorders; Micro-Electro-Mechanical
Systems (MEMS); and integrated sensor packages.

•

energy & power management technologies: large area/ low mass solar energy
collectors; highly efficient solar cells and arrays; low-mass/ low-volume energy
storage; hybridized power management electronics and advanced energy
conversion systems; mechanical and thermal systems; large-area / low-mass
deployable flexible structures; advanced thermal control/micro heat pipes, self
adaptive materials; low-mass multifunctional structures; phase change memory
materials; smart structures and embedded sensors; and small low-mass reaction
wheels.

•

micro instruments: low-mass/ low-power integrated micro-instruments; nextgeneration focal-plane arrays; precision positioning, station-keeping, and
constellation attitude control; interferometry; long-range lasers; meteorology;
and radar.
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•

high temperature superconductors for radar applications: since the discovery of
benefits on superconductors (in 1986/1987) for a variety of fields and areas, there
comes to light also advantages for radar applications Uackson, Cantafio, 1991] in
the space field. Those areas include array radars - mm phased array, multiple
beam radar, SAR and similar. In the field of radar communications [Ryan, 1994]
there are major beneficiaries of high temperature super conductivity, also in the
field of resolution and sensitivity of radar, which could be considerable higher
than current conventional radar technology.

•

spacecraft autonomy: on-board control of scientific data collection; selfcommand/health monitoring; autonomous positioning and station keeping; and
an autonomous distributed ground segment.

4.3.1

Nanotechnology and micro-electro-mechanical systems

Nanotechnology is the manufacture of materials and structures with dimensions which
measure up to 100 nanometers (billionths of meter). This definition applies to a range of
disciplines, from conventional synthetic chemistry, to techniques that manipulate individual
atoms with tiny probe elements.
Nanotechnology and micro-electro-mechanical systems also hold potential to revolutionize
the field of satellite design. Good examples of this potential are NASA science spacecraft,
which continued to increase in size until the early 1990's, at which time the trend reversed
itself.

Currently, the average size of NASA science satellites continues to decrease.

Parametric cost models by the US Air Force and Aerospace Corporation for spacecraft
clearly demonstrate that satellite cost is directly proportional to satellite mass: the lower the
total spacecraft mass, the lower the cost. The limit to how small a satellite can be built is
currently bound by how small the electro-mechanical actuators can be constructed.
Decreasing the size of these actuators, collectively named micro-electro-mechanical systems
(MEMS), is a field of intense research and development for both industry and academia.
"Nano-satellites" will contain all typical satellite systems. Thus, nanotechnology reduces
satellite size and cost by making all components smaller, while multi-functional structures
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achieve similar reductions in size, cost and by using individual components to perform
functions of more then one spacecraft system simultaneously.
Limits to the practical reduction of satellite size do exist, however. The .limits include power
generation capability (proportional to solar surface area), power storage levels (proportional
to battery size), radiation shielding, and the resolution requirements for optical payloads
and communications antennae. Despite these limits nanotechnology may in the future
drastically reduce size of spacecraft and thus revolutionize how satellites are designed.
How small can a spacecraft be? We need to unshackle conventional thinking to develop a
clear vision of the possibilities. Let us first define satellite categories by mass: microsatellites, 1-100 kg; nano-satellites, 1-1,000g; pica-satellites, 1-1,000 mg; and, satellites of
even lower mass than these are called femto-satellites [Robinson, 1996a, 1996b].
As it was previously mentioned, the first limit of reducing spacecraft is power generation
capability, which is proportional to solar cell surface area. The second is power storage
area, typically around 30 per cent of any spacecraft mass budget. A spacecraft with 10 em x
10 em solar array, can produce a maximum of two Watts, using 15 per cent efficient solar
cells, resulting in about 1 Watt of orbit average power, enough for small satellite missions.
The need for radiation shielding for long orbital periods imposes another limit on spacecraft
size and mass. Radiation dose is function of altitude, orbital inclination, and effective
shielding thickness. In a 700 km sun-synchronous orbit, a 3.5 mm thick aluminium or 4.3
mm thick silicon shield allows about 1,000 rads per year. Certain commercial circuits can
tolerate roughly 3,000 rads, while radiation-hardened silicon-on-sapphire can tolerate more
then 100,000 rads.
Commercial electronics require several millimeters of radiation shielding for a mission
lifetime of a few years. Thinner radiation shields can be used with radiation-hardened
electronics, or for missions of less than one month's duration.
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Other limits on spacecraft are angular resolution requirements for payload and
communications antennae, minimum thermal mass, and minimum ballistic coefficient. As
spacecraft shrink, surface-area-to-volume and surface-area-to-mass ratios increase.
Nanosatellites will have orbital decay rates up to 10 times higher then those of typical
micro-satellites.
4.3.2

The role of micro-satellites

What missions could silicon nano-satellites, pica-satellites, and femto-satellites perform?
There are several, including both communications and observational missions. The ability
to produce thousands of identical spacecraft building blocks will enable new distributed
satellite designs and robust distributed space architectures that are relatively immune to
individual device failure. This can lead to increased resiliency and flexibility of future space
systems.
The advantages of nano-satellites for LEO constellations is that thousands of satellites can
be considered, rather then just tens or hundreds. A 1,000-satellite constellation in a 700-km
orbit will continually have several satellites above the local horizon, providing greater
system robustness and fidelity against solar interference, obstruction, and rain attenuation.
Large numbers of nano-satellites can be used to create phased-array antennas for radar and
communication applications with effective diameters of meters to kilometers. On smaller
scale, a nano-satellite can carry a cartridge of aspirin-size space sounders that are ejected for
local area mapping of space environment.

Many more applications no doubt will be

discovered. "It look like micro- and nano-technologies appear are the right investment for
'cheaper, faster, better, smaller' space systems" [ESA, 1995].
Current thinking on future generation micro-spacecraft includes many new design
strategies which can reduce spacecraft size and cost: using high-level building blocks (with
low recurring costs), limited modular extensions, and standardized interfaces; advanced
manufacturing, assembly, and testing techniques, minimizing spacecraft size to within 0.3
to 0.6 meters, and mass to within three to 12 kilograms, reducing the cost of transportation
and launch; using extensive spacecraft autonomy, to minimize or eliminate uplink
communication; minimizing spacecraft power to five to 20 Watts; using on-board analysis
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and data compression; and eliminating extensive redundancy, while maintaining a high
level of reliability.
The rapidly evolving field of micro- and nano-technologies and associated developments
important future trends to consider. Future constellations of MISSION spacecraft might
have significantly lower mass higher number, while being more efficient and of lower cost
than current prices of remote sensing, GPS, and telecommunications satellites.

As the

MISSION project is a program for the year 2012, these developments cannot be overlooked..
4.3.3

Advances in electrical propulsion

Electric propulsion is currently recognized as a major enabling technology for present and
future space missions. Its use makes possible large mass savings for commercial satellites
and offers very exact positioning systems. In the MISSION project electric propulsion can
be used for LEO, MEO and GEO satellite constellations. Its use means smaller and less
expensive satellites.

Electric propulsion involves the use of an electrostatic or

electromagnetic field to accelerate and eject ionized material, and is an advanced technology
in comparison with chemical propulsion. It is characterized by low thrust (less then 0.1
Newtons) with high specific impulse (1,000 to 10,000 seconds) [Maral and Bousquet, 1994].
A significant reduction can be achieved in the quantity of propellant compared with
conventional chemical propulsion technologies. Operating times, however, will be much
greater because of the low thrust levels. Above all, electric propulsion requires a large
amount of electrical power. In the specification of the propulsion system, therefore, not
only the specific impulse but also specific power must be considered. The latter is equal to
the ratio of electric power to thrust, and is in order 25 to 50 W / mN according the type of
thruster. Various electric propulsion techniques have been developed; these include plasma
propulsion, ionic propulsion ,arcjet and resistojet.
4.3.4

Plasma propulsion

A plasma thruster is in the form of capacitor using a rod of Teflon placed between two
electrodes. This capacitor is fed by an electric generator, and charges until the high voltage
causes a spark to flash across the surface of the rod. A layer of material is ionized and the
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plasma is accelerated by the self-generated electromagnetic field. Once the capacitor is
discharged, it recharges until next discharge occurs. Wear of the Teflon is compensated by
advancing the rod under spring pressure.
This technique is simple and does not require a neutralizing device, since the plasma ejected
is electrically neutral.

On the other hand, problems of pollution and electromagnetic

compatibility are not negligible. This type of thruster has been used both experimentally
and operationally on American satellites (LES-6, LES-8, LES-9).

The specific impulses

obtained have been between 1000 and 5000 seconds [Maral and Bousquet, 1995].
4.3.5

Ionic propulsion

In the ion thruster, charged particles (ions) are accelerated by an electric field. Since the
particles ejected are all of the same charge, it is necessary to neutralize the beam by ejecting
the same quantity of oppositely-charged particles, in order to avoid raising the satellite to
excessive potential with respect to the surrounding medium. This is achieved by means of
an electron gun (neutralizer).
The ionized material is a heavy metal (or noble gas) which is in the liquid state at storage
temperature in order to facilitate feeding to the thruster; examples are mercury, cesium and
xenon. Various types of thrusters have been developed, and they differ in their technique
used to obtain the ions from metallic atoms in different manners.
4.3.6

Stationary plasma thrusters

The Stationary Plasma Thruster (SPT) was developed in the 1960's by Russian scientists and
engineers. Since that time more then 70 SPT's have flown on Russian spacecraft with 100
per cent mission success. In May 1992, the joint venture company International Space
Technologies Inc.

(ISTI) was founded, with the intention of making STP technology

available to the western world. The SPT propulsion system is five times more fuel-efficient
than state-of-the-art chemical thrusters. Using STP propulsion system, a geosynchronous
satellite can reduce station-keeping propellant by hundreds of kilograms, translating into
millions of dollars in launch cost savings.
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The SPT offers higher payload mass fractions, reduced launch costs, increased on-orbit
lifetime, ideal thrust and specific impulse for near-Earth missions, station-keeping,
repositioning, and orbit transfers.

Their simple, rugged design incorporates built-in

redundancy, and high thrust density permits a compact thruster design.
The newest Stationary Plasma Thruster, the SPT 100, entered service in 1994 on the Russian
satellite GALS and later on Express. Eight SPT-100 thrusters perform both North-South and
East-West station-keeping for these GEO communications satellites. ISTI has undertaken a
comprehensive qualification and test program for SPT-100, the culmination of which is a
successful integration of SPT technology with western electronics.
4.3.7

Hughes XIPS ion thruster

Hughes Research Laboratories (HRL) has been the central focal point for developing ion
propulsion for more then 35 years. Ion thrusters have been developed to flight or flight
prototype status at HRL with beam diameters ranging from 5-30 em, principally for cesium
and mercury propellants. For the past 10 years HRL h as concentrated in developing 13-cm
diameter and 25-cm diameter thrusters (and their associated p ower processors ) which
operate on xenon propellant [Hughes, 1997].
XIPS uses xenon, an inert rare gas, as source for the accelerated ionized beams of the
thruster. The inertness of xenon gas precludes chemical reactions with anything that might
pose health hazards, unlike mercury . Because its density is nearly twice that of water,
xenon can be stored for multiple-year missions in a couple of basketball-sized tanks.
XIPS consists of a source of pressurized xenon propellant, a power processor and a
cylindrical shaped thruster assembly.

Measuring about 21 em in diameter and 22.5

centimeters in length, the thruster generates a 13-centimetre-diameter beam.

The gas

propellant is ionized in a chamber within thruster, accelerated to high velocity, and
electrically exhausted to produce thrust. The thruster can be designed with different beam
diameters. The full system on GEO satellite consists of four thrusters and their associated
power supplies, sharing two xenon tanks; a spin stabilized satellite would need only two.
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XIPS generates very high specific impulse, expressed in seconds, as the ratio of thrust to the
rate at which propellant is consumed. The higher the specific impulse, the less propellant
required. In the XIPS, the specific impulse is nearly 3,000 seconds, roughly 10 times of
bipropellant - monomethyl hydrazine and nitrogen tetroxide - frequently used for stationkeeping on communications satellites. XIPS generates a thrust of about 18 thousandths of a
Newton. This is low compared to the enormous thrust needed for launching a spacecraft,
but this diminutive thrust level is acceptable for on-orbit station-keeping.
The benefits of an ion engine's low-flow fuel requirements are dramatic. XIPS can eliminate
300-400 kg from the quantity of fuel required for station-keeping. At the cost of $30,000 per
kilogram to place that mass in GEO, XIPS can save up to $12 million in launch costs. The
propellant savings can be applied in a number of ways. The lighter payload can result in
dollars saved in launch expense, or can be traded for longer on-orbit maneuver time by
loading additional xenon to maintain satellite position for more years.
In the future, ion engines aboard communications satellites could find additional roles, such
as replacing magnetic torquers (which release energy accumulated by momentum wheels
used for attitude control aboard bodily stabilized satellites), substituting for mechanisms
used to maneuver solar panels, and for propelling satellites from low-Earth to
geosynchronous orbit.
Electrical propulsion should be considered seriously for the MISSION project.

As the

MISSION project is to be realized in the next fifteen years, further advances in the field of
electrical rocket propulsion are to be expected, which could bring significant benefits to the
MISSION constellation; however, electrical propulsion must be tailored differently for LEO,
MEO, and GEO satellites, as all those three have delta V requirements.
4.3.8

.Advances in solar cells

The current generation of space solar cells consists of silicon and gallium arsenide.
Currently, the best silicon cells have about 19 per cent efficiency.

Silicon solar cell

technology has recently had major gains in performance, and the previous estimates for the
"limits" to performance have had to be revised upwards.
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account new technologies such as light-trapping and surface pacification, suggest
achievable efficiencies up to 22 per cent, with values of 20 per cent likely in the near term.
Higher efficiencies can be achieved with gallium arsenide which has a bandgap closest to
the optimum for the space solar spectrum. The best verified efficiency measured on GaAs
cell to date is 21.4 per cent. A higher efficiency (22.5 per cent) has been reported, but not yet
independently verified [Landis et al, 1990].
4.3.9

Next generation solar cell technology

Ultra-thin silicon: With light-trapping and surface pacification, the optimum thickness of a
single-crystal silicon cell decreases and efficiency increases.

For highest end-of-life

efficiency, the optimum thickness may as low as 2 micrometers, leading to potentially very
high specific power. The radiation tolerance of such ultra-thin cells may be extremely good,
since the thickness is less the diffusion length even after radiation damage. Calculations
predicts that such ultra-thin cells have efficiency and radiation tolerance as good as that of
better solar cells.
Indium phosphide: Considerable interest has recently been focused on indium phosphide
(InP) as new high efficiency solar cell material. Cells with efficiency as high as 18.8 per cent

have been produced, with 20 per cent efficiency confidently predicted as a future goal. A
major reason for the interest in the material is that InP is considerably more resistant to
radiation damage than silicon or GaAs [Landis et al, 1990]. A difficulty with InP is the
extremely high cost of material. It is likely, though, that the cost will be reduced if the cells
are ever manufactured at production levels.
Single crystal film technologies: Another approach to making low-mass cells is to grow thin
epitaxial layer of single crystal semiconductor on a thick substrate, make a solar cell on the
layer, then remove it from the substrate (which, optimally can be reused). By a special
process, the epitaxial layer is mechanically removed from substrate.

Solar cells on 10

micrometer thick layers of GaAs have been produced with efficiencies as high as 19.5 per
cent.
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High efficiency or (multi-junction) solar cell is more efficient, weight less, and has the
potential to lower system costs over those imposed by gallium arsenide (GaAs) or silicon
cells. Laboratory projections for multi-junction cells reveal a 45 per cent increase in power
production and 30-percent weight reduction over that of GaAs, and 50 per cent weight loss
over that of Silicon. High efficiency cells deliver a substantial decrease in the physical area
occupied by fully developed solar array, thereby lessening associated propulsion and
attitude control problems and expenses.
Phillips Laboratories produced "monolithically-grown", triple junction solar cell capable of
having efficiency of 27.6 per cent. Attaining a world record, the Gallium Indium Phosphide
(Gain) I GaAs I Germanium (Ge) solar cell has successfully demonstrated the feasibility of
this unfolding technology [Phillips, 1997].
Concentrators. Efficiency can be increased by concentrating the incident sunlight, either by
means of mirrors or a lens. Concentration systems can be designed for high, medium and
low concentration ratios, each with different advantages and problems. Both reflective and
refractive concentrators can be made.
Solar cells are the main supplier of energy aboard satellites, so future advances in more
efficient and lightweight solar cells are important for all segments of the MISSION
constellation. It is expected that in the next fifteen years solar cell efficiency could reach 30
per cent or greater. As segments are in LEO, MEO and GEO, the requirements for each are
different, in terms of radiation hardness, space debris, and eclipse periods.
4.3.10

Fullerene as an important future material

In1985, a group of scientists discovered a new form of the element carbon(C), which they
called Fullerene. In that carbon form, atoms are arranged in closed shells. The number of
carbon atoms in shell can vary (the basic number is 60), and for this reason numerous new
carbon structures have become known .

During numerous chemical and physical

experiments the researchers found some unusual properties. Thrown against steel surface
at speed close to 28,000 km per hour (orbital speed), they are incredibly resilient- they just
bounced back.
Detailed Design

153

MISSION

One of the most technologically interesting properties of Fullerene is electronic: in various
compound forms it function as an insulator, a conductor, a semiconductor and a
superconductor.
From Fullerene, researchers have discovered a new form known as carbon nanotubes.
These nanotubes are effectively Fullerene structures played out as long strands, rather then
spheres. Their length can be millions of times greater then their tiny diameter. Their
properties as a new material are quite remarkable and fantastic; this was evident when they
were discovered in 1991. Results based on experiments predict that carbon nanotubes are
almost 100 times stronger then steel, but one sixth of its weight. In the aerospace industry,
Fullerene offers considerable potential for the future.
In the opinion of Tom McKandree, system engineer at Hughes Aircraft Co., advances in
nanotubes and Fullerene-based materials can contribute significantly to technical
performance parameters for future space applications, especially in areas of material
strength and density [Hughes, 1997]. As a final note, the discoverers of Fullerene received
the 1996 Nobel prize for chemistry for their work and scientific studies on Fullerene ..
With the rapidly evolving fields of Fullerene-based compounds and nanotubes, it is
reasonable to expect that in the next 15 years some of those extremely interesting properties
of new materials could see some application in the aerospace industry, and space fields in
particular.
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CHAPTER 5
Organizational, Legal and Policy Considerations

MISSION

5.1

Institutional Framework

In order to carry out all the previously described activities of MISSION, an appropriate
institutional framework must be constituted. Looking at the already existing models, one
can distinguish three main categories of institutional frameworks, namely international
organization, non-governmental non-profit organization and private company all of which
present advantages and disadvantages.
5.1.1

International organization

An international organization is created by states, by signing and ratifying an intergovernmental agreement, which establishes the organization, its rights and its obligations.
The member-states are willing to give up part of their sovereignty in order to be able to
implement their joint decisions more effectively and to share the costs of the organization's
activities.
This structure presents a big advantage in terms of political and financial support, if the goal
of the organization is perceived as useful by all its members.

Moreover it offers the

possibility of a strong participation of less developed countries, allowing in this way a truly
global and non-discriminatory system. It also can assure that activities which have no or
little commercial value will be carried out by stating these activities in the agreement,
something which is not automatically assured by a private company. On the other side,
international organizations tend to have a heavy bureaucracy, the decision-making is slow
and consensus can be difficult to reach. If the political will of its member-states disappears,
international organizations can become paralyzed institutions.
5.1.2

Non-governmental non-profit organization

A non-governmental organization is created by individuals or other entities in order to
carry out activities which promote or defend specified goals, either on a national or
international level.

Examples of non-governmental organizations are : Amnesty

International, the Red Cross and Greenpeace. This structure offers more flexibility than
international organizations and is not weakened by political interests and pressure of
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member-states. They have in common with the international organizations that they are not
profit orientated. However, since this structure normally has weak political and financial
support and because it is not profit orientated it is not appropriate for MISSION, since it will
certainly need some of those characteristics in order to be successfully set up.
5.1.3

Private commercial company:

Private companies are financed by shareholders who can be private individuals, other
private companies or governments. In return for their investment, the shareholders want to
share in the profits of the company according to the level of their investment. Therefore, a
private company will be profit-orientated. The structure of private companies is usually
very flexible, efficient and strongly profit oriented, which could attract big investors if they
believe MISSION will be a successful enterprise. However, if MISSION would be solely a
profit-orientated private company, some of the goals of the system which provide a public
service, e.g. disaster warning and humanitarian aid missions, might not be realized. These
kind of activities are not interesting for a company whose primary goal is to make profit. In
order to ensure that these public services are realized, government monitoring and
participation is required. Moreover, a private company does not necessarily guarantee
world-wide and non-discriminatory access and it does not guarantee that the interests and
concerns of less developed countries are taken into account. If MISSION would be a private
company and intends to be providing basic services in countries which will have absolutely
no say in how the system is operated, it is doubtful if these states will be ready to give such
an ·important responsibility to this company and basically loose part of their sovereignty.
An international organization is in principle a better guarantee that the interests of all
countries are taken into account.

In order to benefit from the different advantages of the above mentioned structures a hybrid
structure for MISSION is proposed, combining several characteristics of a private company
as well as an international organization. This new legal entity should establish a forum for
global co-operation and support for the activities of MISSION by combining the public and
private sector.

In order for MISSION to become · a successful provider of world-wide

services, international co-operation is necessary not only on the level of states, but also on
the level of the private sector, non-governmental organizations, universities and research
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institutions.

This international co-operation should be aimed towards the financing,

governance and management of MISSION, taking into account the interests of all countries
and the already existing principles as stated in the space treaties. The main functions of the
new structure to be carried out would be, amongst others :
•

Provide the necessary administration to carry out the activities of MISSION.

•

Be the legal representative of MISSION.

•

Raise necessary finance to operate MISSION in any possible way.

•

Co-ordinate international co-operation with the different governments, space
agencies, industry, universities, etc. involved in MISSION.

•

Establish relationships and agreements with other relevant institutions, such as
the ITU, WTO, UN.

The creation of this structure could be realized in two ways [Harris, O'Donnell, 1997] :
•

The example of the International Space Station can be followed. One country
takes the initiative to establish MISSION and afterwards invites other countries
and/ or foreign space industries to participate in the project. In the case of Space
Station, NASA invited the other partners to participate in a later stage. We do
not recommend this structure for MISSION, since one player would be too
dominant over the ones that participate in the later stage of the project.
MISSION should be providing services globally and non-discriminatory, which
is not guaranteed through this structure.

•

An international consortium, operated on a commercial basis, could be created
by all who wish to participate in MISSION, such as governments, space agencies,
industry etc. The structure of INTELSAT could be considered an example since
it is an international organization with member-states, but also with participation

and contribution by one or more signatories per country, which in several cases
are private telecommunications companies. A structure similar to the one of
INTELSAT would in our view be appropriate for MISSION. Participation in the
international consortium to be created, should not be restricted to only
governments or to only the private industry, but it should be open to both of
them, in addition to individuals.
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This international consortium could be created in two successive steps:
Initially, an international organization could be created. In fact, since MISSION is also
providing public services which are not commercially attractive (such as disaster warning,
humanitarian aid), government involvement in MISSION is required in order.to ensure that
these services are developed and maintained once MISSION is fully operational.

If

MISSION would be a purely private entity, these public services would not be assured.
After this first development phase, continuing till the moment when MISSION is fully
operational, a new legally and physically distinct branch would be created. MISSION will
transform itself into a new private commercial international consortium, with its own board
and management structure, privately owned by its investors. The investors can come from
the private and public sectors.
By creating a commercial international consortium, the commercial side of the system will
be operated in such a way that it will be able to adapt more easily to a changing market, e.g.
new competitors.
Also, by creating, out of an international organization, a consortium which is a mix of
private companies and governments, the needs of less developed countries can be taken into
account. Less developed countries, which in nearly all cases do not have an industry which
has the means and technology to participate in a project like MISSION, will be able to
participate through their governments; in many cases probably the only one with sufficient
financial means.

It is in everyone's interest, the major private companies involved in

MISSION included, to involve as many countries in the consortium and to take into account
the needs of all countries. By involving as many countries as possible, future problems such
as licensing and trade regulations can be minimized. Countries who will participate in
MISSION are not likely to refuse a license to MISSION after they have contributed to it.
The signatories which have contributed to the system through their member-states during
the initial phase of MISSION should be assured of a fair return of their investment, once the
system is fully operational and therefore more interesting to them. Once the system would
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be privatized, the signatories will receive an appropriate amount of shares in this company,
proportional to their previous contribution. At this point, other shareholders can be looked
for if necessary, e.g.

telecommunications operators, remote sensing services providers,

aerospace and maritime companies, financial institutions, individuals as well as banks.

5.2

The Liability and Registration Conventions

The United Nations General Assembly has adopted five treaties regarding activities in outer
space. Two of these treaties are of special importance to MISSION: the Liability and the
Registration Conventions.
The Liability Convention establishes who is the launching state of a space object and
establishes who is liable for any damage that might occur and is caused by that space object.
According to Article I, more than one state can be determined to be the launching state.
Also in case of MISSION, more than one state will often be considered as the launching
state.

For example, since MISSION will be based in Australia, Australia would be

considered as launching state. If a MISSION satellite is launched on an Ariane launch
vehicle, France can also be considered launching state, since Ariane is launched from French
territory. In fact, all member-states of MISSION could be considered launching state. For
the sake of clarity of legal obligations for the launch of its satellites, MISSION will clearly
specify who would be launching state(s).
As mentioned above, the launching state is liable for any damage caused by its space object.
In this example, Australia and France are both launching state and Article V of the Liability

Convention states that they are both "jointly and severally liable for any damage caused".
"A launching state which has paid compensation for damage shall have the right to present
a claim for indemnification to other participants in the joint launching".
It will depend on the national legislation of the countries which can be considered

launching states to what extent the liability is passeq on to the satellite owner and to what
extent the state will be liable. If the legal entity owning and operating the satellite is
different from the government, this entity may be required to indemnify the government
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against third party liability. In addition, there is always the possibility that a person
suffering loss or damage will claim compensation direct from the satellite owner.
The Registration Convention is of importance to MISSION since the launching state of a
MISSION satellite has to register the space object. Article II of the Registration Convention
states that: "when a space object is launched into earth orbit or beyond, the launching state
shall register the space object by means of an entry in an appropriate registry which it shall
maintain. Each launching state shall inform the secretary-general of the United Nations of
the establishment of such a registry".
Article IV of the Convention requires that each state of registry shall furnish to the
secretary-general of the United Nations, as soon as practicable, the following information
concerning each space object carried on its registry:
•

name of launching state or states

•

an appropriate designator of the space object or its registration number

•

date and territory or location of launch

•

basic orbital parameters, including: nodal period, inclination, apogee perigee

•

general function of the space object

Australia would register MISSION satellites and provide the necessary information to the
United Nations for the purposes of international registration.
5.2.1

Airspace sovereignty

As MISSION will include also an air-borne segment, beside the relevant international space
treaties, the Chicago Convention of 1944 has to be taken into account. According to art. 1 of
the Convention, each State has "complete and exclusive sovereignty over the airspace above
its territory". Therefore each State has the right not only to use but also to control flight
space over its land and water territory [Cooper, 1968]. This means that other States may
only enter foreign airspace with the permission of the national authority of the flown over
territory [Brownlie, 1973].
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MISSION's constituting agreement will include a provision under which the member states
will automatically grant to MISSION's UAV the authorization to enter the airspace above
their national territories, internal waters and territorial sea in order to conduct airborne
remote sensing activities.

5.3

Licensing of the System

5.3.1

Australian procedure and consideration on landing rights

Only a government, not a private satellite operator, may utilize the ITU's process for
obtaining frequency and orbital position protection.
National governments and the regional administrations to which they might be associated
(European Union), have retained the authority to assign orbital slots, licensing the provision
of services over radio frequencies to persons physically located in a particular country, and
approving the launch of satellites.
MISSION will be based in Australia, therefore in order to place in orbit and operate the
system, the organization will have to receive an authorization from the designated
Australian national department (Australian Communications Authority). Landing rights
might be obtained by the satellite system operator or through a service agreement
(bilateral/multilateral) with a foreign telecommunication entity operating in the country.
Landing rights involve the right to transmit signals to and/or from the territory of a country
other than the one that licensed the satellite systems
The ACA (Australian Communications Authority) came into operation on 1 July 1997 as the
new regulator for the communications market in Australia. This new organization is the
result of the merger of the former Australian Telecommunications Authority (AUSTEL) and
the Spectrum Management Agency (SMA).
The ACA has been established under the Australian Communications Authority Act 1997,
and has various powers and functions under the Telecommunications Act 1997, the
Radiocommunications Act 1992 and other related legislation. The ACA will oversee the
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new era in telecommunications and facilitate access to and use of the radio frequency
spectrum [AUSTEL, 1997]
MISSION needs a particular licence called "apparatus licence" which is a licence issued by
the Australian Communications Authority (ACA) under the Radiocommunications Act 1992
(the Radiocommunications Act) authorizing the licensee to operate a particular type of
radiocommunications transmitter or receiver. In effect, it is a licence to use a specific
segment of the radiofrequency spectrum for a particular purpose.
The ACA uses a system of apparatus licence types to apply common licence conditions and
fee structures to categories of radiocommunications service. Most licence types allow a
number of licensing options, which are differentiated on the basis of the licence conditions
involved and often the apparatus licence fee payable.
Each licensing option (or licence type where options are not involved) may be either
assigned or non assigned.

In circumstances requiring assignment of an individual

frequency to the licensee an assigned licence is issued.
Where a licence does not require an individual frequency assignment, or where the
frequency is selected from a pre-defined suite, a non assigned licence is used.
Licensees have the option of licence terms up to five years with payment of apparatus
licence fees either upon initial issue or by annual installment. Most licences are also able to
be transferred from one person or organization to another.
Further information is contained in the Appendices of the Australian Act, including
information on licence fee concessions, exemptions and discounts; fee arrangements for
multi-year licences; and charges applying for the late payment of licence fees [AUSTEL,
1997]. The same site states that "A space licence is issued for a radiocommunication service
that is provided by means of one or more stations on an object that is beyond, is intended to
go beyond, or has been beyond, the major portion of the Earth's atmosphere "
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5.4

Frequency allocation and coordination: ITU and national procedures

All communications with the ITU for purposes of obtaining access to and international
protection against harmful interference to appropriate radio frequencies and orbital
positions take place at the state or governmental level. ACA would therefore provide the
proper interface on behalf of MISSION with the ITU.
Frequency allocation refers to the designation by the ITU of discrete bands, or segments, of
the spectrum for use by radio services, such as fixed satellite service, radio determination
satellite service, broadcasting satellite service, and mobile satellite service.

Once a

frequency allocation has been adopted, it becomes part of the ITU Table of Frequency
Allocation contained in Art. 8 of the ITU Radio Regulations, and therefore legally binding
on ITU member states that have ratified it. Consequently, as a general rule, all satellite
operations authorized by ITU member states must be consistent with the ITU's Table of
Frequency Allocation [Meredith, Robinson, 1992].
In our specific case it is important to see which frequencies relevant to the operation of

MISSION system have been allocated by ITU to certain satellite service. In parallel the same
bands must be also assigned by the Australian Radiofrequency Spectrum Plan to the same
specific systems. On the basis of the engineering design of MISSION, we have first verified
the international allocation and availability of frequencies suitable for our services as follow .
Table 51

Frequency Allocations
INTERNATIONAL ALLOCATION TO SERVICES
Region 1

Region 2

I

Region 3

20.2-21.2 GHz MOBILE I FIXED SATELLITE (Space-to -Earth)
30-31 GHz MOBILE I FIXED SATELLITE (Earth to Space)
59-64 GHz INTER SATELLITE LINKS
2200-2290 MHz SPACE OPERATION (Space -to-Earth) (Space-to-Space)
2025-2110 MHz SPACE OPERATION (Earth-to-Space) (Space-to-Space)
1530-1533 MHz LAND MOBILE

1530-1533 MHz LAND MOBILE SATELLITE (Space-to- Earth)

SATELLITE (Space- to- Earth)
1656.5-1660 MHz LAND MOBILE SATELLITE (Earth-to-Space)

Organizational, Legal and Policy Considerations

167

MISSION

The bands 1530-1533 MHz and 1656.5-1660 MHz

are subject to relevant provisions

contained in clauses S5.351/ S5.354/S5.361 of the WRC-95.
The Australian Radiofrequency Spectrum Plan, issued in January 1997, includes changes
made during the ITU World Radiocommunication Conference of 1995 to international
frequency allocation and even provides improved domestic support for telecommunications
services. The 1.5 Ghz Band Plan takes into account that the above mentioned frequencies
were allocated, for Australia as well as other countries, to the mobile satellite service on a
primary basis. Therefore the new Australian plan has been reviewed in accordance with the
international framework from which it is developed.
The Australian administration will have then to go through a process of co-ordination
collaborating with other administrations to eliminate potential radio interference problems
(see Appendix 3 to Radio Regulations). All parties involved in the co-ordination have a
shared responsibility in reaching an agreement on interference issues through bilateral or
multilateral meetings. Once the MISSION system is published and co-ordinated, ACA will
notify the ITU Radio Regulation Board of the technical parameters of the proposed satellite
system, the ITU co-ordination procedures that have been applied and the co-ordination
results achieved. In particular all geostationary satellite systems are subject to advance
publication, co-ordination and notification pursuant to Articles 11-13 of the Radio
Regulations. Once MISSION's assignment will be recorded in the Master International
Frequency Register, it will be protected from any subsequently-recorded assignment
[Meredith, Robinson, 1992].
This process will be undertaken well in advance of the date of operation of MISSION so that
the investors in this venture feel assured that the business of MISSION is not hindered in
anyway.

5.5

International copyright protection

The system will provide a vast range of services, from information, to software distribution,
to audio /video broadcast (chapter. 9.2). Therefore, a specific concern will arise in relation
to the protection of intellectual property rights in satellite signals; in particular, the
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producers of software and programs will be concerned with the protection of their
programs from unlicensed use and distribution of their satellite signals. In order to be able
to recover its costs for producing the program, the producer must be able to receive a
licensing fee for the distribution of its program, but as no worldwide legal instrument exists
so far, local program distributors can receive and re-distribute program-carrying satellite
signals even without a proper license.
Copyrights refer to the legal protection of intellectual works from distortion or mutilation.
It consists of a series of different rights, such as for example reproduction and distribution

rights [ISU, 1992]. Copyrights are protected under national laws, but no worldwide fully
effective international copyright protection exist.

One of the first effort to establish a

multilateral copyright protection was the 1886 Berne Convention for the Protection of
Literary and Artistic Works. The Berne Convention originally granted protection on the
basis of national treatment, under which each country applies to national of other states the
same copyright protection that was granted to its own nationals. A second instrument
aimed at the harmonization of the protection copyrights is the Universal Copyright
Convention of 1952. The "Convention Relating to the Distribution of Program-Carrying
Signals Transmitted by Satellite" was signed in 1974. This commits member states to take
adequate measures against the distribution of programs by unlicensed distributors. The
Convention's definition of program does not include the transmission of scientific and
technical data; the Convention does not cover therefore the transmission of medical data,
while it is applicable for example to educational programs. Developing countries constitute
an exception, as the distribution of unlicensed data is allowed for teaching and research
purposes [ISU, 1994].
These international copyright conventions aim at the protection of foreign works in many
countries, but they simply provide for national treatment of copyrights among member
states, and they do not establish any code for international protection of copyrights. The
fact that no unified international protection law exists will have an impact on the system. In
the framework of MISSION it will be necessary to determine the applicable national law in
case of infringement of copyright; this could be either the law of the originating, the
transmitting or the receiving state of the signals. Nevertheless, being MISSION initially set
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up in form of international organization, it will be possible for the system to provide by
itself a certain degree of uniformity in national copyright laws.
5.5.1

Protection of computer software

The emergence of new technologies determined the need for a better harmonization in
specific fields such as the protection of computer software and databases. This will be a
specific issue to take into account in the framework of MISSION, as the system will
specifically provide also software distribution services. Computer software are protected
under copyright in Canada, and in Europe a specific copyright directive for protection of
computer software exists.

Protection is automatically provided under the Berne

Convention, while the Universal Copyright Convention requires that a work is registered
and notified in order to be granted protection [ISU, 1992]. Therefore in the implementation
of MISSION it will be appropriate to register products under the UCC, in order to obtain the
highest degree of protection, also in states non belonging to the Berne Convention.
5.5.2

Protection of broadcasts

Protection of broadcasts is dealt with in the 1988 Copyright, Designs and Patents Act. The
Act defines "broadcast" as "a transmission by wireless telegraphy of visual images, sounds
or other information which - (a) is capable of being lawfully received by members of the
public, or (b) is transmitted for presentation to members of the public" [Long, 1995]. An
encrypted transmission is considered lawfully received "only if decoding equipment has
been made available to members of the public by or with the authority either of the person
making the transmission or the person providing the contents of the transmission" [ibid.].
In the framework of MISSION, infringement of copyright could be perpetrated through

satellite cross-frontier broadcasting. In this regard, the main issue is to establish where the
signals originate. The 1988 Act establishes that the place from which a broadcast is made "is
the place from which the signals carrying the broadcast are transmitted to satellite" [CDP
Act, 1988]. Nevertheless, this explanation is not satisfactory in case of signals transmitted
and received continuously and on a global basis. If the signal is received at the earth
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station, stored and re-processed, and then transmitted to the satellite, the broadcast would
be considered to take place at the final point of transmission [Long, 1995].
In order to grant copyright protection in this sector, the European Cable and Satellite

Directive of 1993 requires States to implement a series of measures aiming at reaching
harmonization at European level.

The Directive establishes that unification should be

achieved between transmission via broadcasting and telecommunications satellites.
Secondly, it requires that the copyright law of only one State should apply to the
broadcaster; in this regard it states that the State should the one "where a broadcasting
organization takes a single decision on the content and transmission of program-carrying
signals" [Long, 1995].
With regard to the issue of copyright, it seems to be appropriate to propose for MISSION an
harmonization on global basis. MISSION should try to go further with respect to the
existing Conventions by creating an international unified copyright protection.

This

unification should be reached taking as a reference either the national legislation of the
country where the headquarters of system will be, or by extending to all MISSION members
and conferring binding character to the most favorable regime already existing for copyright
protection.

5.6

Right of privacy and confidentiality of personal data

The specificity of the MISSION system is the provision of gee-information on a global scale,
which means a flow of messages and data without any regard for national political borders.
Part of this data and information will have a "neutral" character, dealing with geographical
or meteorological observations for instance, but a lot of them will be of personal nature,
specifically relating to single individuals; therefore, among the main issues to be taken into
account, will be the protection of privacy and personal data.
Right to privacy implies both the concept of protection against interception of private
messages, and of protection of personal data against 1,mauthorized access.
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Before the development of electronic communications, the limited information-processing
capacity of paper and ink limited the accumulation, transfer and use of personal data
[Kennedy, Pastor, 1996]. The development of electronic technologies, and particularly of
digital computers and integrated services, as well as the increasing convergence, made more
and more difficult the protection of individuals against the threat of acquisition, disclosure
and use of personal information by governmental agencies, commercial enterprises, or other
people.
Several countries started developing their own national policies, with the aim to protect
data concerning their own citizens and indirectly their own sovereignty. The concept of
Transborder Data Flows "arises when data .. .is transformed, stored or processed in more
than one nation" Uakhu, 1987]. TDF refers to the risk of circumventing national data
protection laws of a country "as might occur through the transfer of personal data to
countries with no data-protection legislation or with a lower level of protection" [Ellger,
1987].
5.6.1

Transborder Data Flows

The concept of Transborder Data Flows (TDF), which "includes the transmission of data by
satellite and physical transport of magnetic tapes or discs" (Ota, 1990] applies to a vast
range of issues, from privacy protection to intellectual property rights and copyright, to
liability for loss and error in data transmission. Personal data transmission represents only
a minor part of the global TDF, but it constitutes nevertheless a sensitive issue, being strictly
linked to the concept of right to privacy. For example, as far as the MISSION system is
specifically concerned, the protection of privacy will be one of the main concerns in the
framework of private GPS tracking systems.

Even more, the concept of protection of

privacy could be extended to other "touchy subjects" in the framework of MISSION, such as
the possibility of providing universal and readily available access to remote sensing data.
5.6.2

National approach and unification of national legislation

All different data protection legislation contain common basic provision related to the rights
of data subjects, such as the right to be informed that a certain data has been processed, the
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right to have deleted or corrected illegally processed or incorrect data, the right of safeguard
against unauthorized access and the right of compensation for damage caused by violations
of privacy [Ota, 1990]. Moreover, data processing is subject to specific conditions, such as
limitations on the kinds of personal data collected as well as guarantee of data security.
Anyway, some fundamental differences emerge in national data protection laws.

The

Privacy Act, adopted by the United States in 1974, limits the capability of the US
government to collect and use private information on individuals, but it does not offer any
similar protection against the accumulation and use of personal data by commercial
enterprises, nor does it foreseen any government regulation for the enforcement of its
provisions.
Europe, on the contrary, imposes restrictions both on governments and the private sector.
The European approach leaves the protection of personal data to the jurisdiction of each
single country, while planning for the future the development of a regulatory body. The
British Data Protection Act requires that all databases used to store personal information are
registered. According to the Swedish Data Act, all databases containing private information
should be licensed, and strict conditions are imposed on individual licenses. In Germany,
data collection both by the governmental and private sector requires a specific
authorization, and it is strictly regulated both at the level of each state by their own
administrations and a federal level by a federal commissioner for data protection.
5.6.3

The activity of international organizations in the field of data protection

In order to avoid that national differences led to the insurgence of international disputes, it
was decided to achieve an harmonization at international level. Therefore, the issue of TDF
was considered within the Council of Europe (CoE) and the Organization for Economic
Cooperation and Development (OECD), which respectively adopted the Convention for the
Protection of Individuals with Regard to Automatic Processing of Personal Data [CoE
Convention, 17 September 1980] and the Recommendation on the OECD Council
Concerning Guidelines Governing the Protection of Privacy and Transborder Flows of
Personal Data [OECD Guidelines, 1980].
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The two legal instrument reflect the two different approaches, European and American.
The CoE Convention is legally binding on the signatories, and it requires the States to enact
data protection laws to meet its dispositions. The OECD guidelines, on the contrary, never
became binding, due to the opposition of the USA; moreover, they are based on the
principle of self-regulation of private data users, and strongly underline the importance of
free flow of information, by suggesting to member states to "avoid creating, in the name of
privacy protection, obstacles to transborder flows of personal data [OECD Guidelines, 1980].
The OECD guidelines suggest member States to "establish legal, administrative, or other
procedures or institutions for the protection of privacy in respect of personal data" [OECD
Guidelines, 1980]. In 1980 only nine countries had national data protection legislation, but
in 1990 eighteen out of the twenty four OECD countries had national data protection laws
[Ota, 1990].
5.6.4

Recent developments

At European level, the most recent development in data protection law is the European
Union Data Protection Directive of 1995, which imposes on the member States the
implementation of a series of data protection measures, such as "notification of persons on
whom data is collected, limitations on release or use of data for purposes other than those
disclosed to the subjects and a right of individuals to inspect and correct any personal
information contained in a database" [Kennedy, Pastor, 1996].
This directive forbids the export of data to countries with an inadequate standard of private
data protection, and therefore it is likely to have a strong impact on the international
electronic transfer of data; it could lead for example to restriction in the transfer to the USA,
as North American laws are not as strict as the European ones in this field.
This situation could determine the unavailability of information through prohibitions of
transfer or excessive costs for users, which could create a total collapse for the MISSION
system. Moreover there is the fear that European data-protection laws can be used as nontariff trade barriers. However, only in an extremely small number of cases data transfer has
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been prohibited by data-protection agencies, and therefore there is "hardly any evidence
that data-protection acts function as a non-tariff trade barriers" [Ellger, 1987).
The users of MISSION will be granted protection under the law of the country from where
the information originates [ISU, 1992]. Nevertheless, in consideration of the global nature of
the system, and in order to avoid that incompatibilities in national legislation determine any
impasse in its functioning, MISSION should adopt a standardized set of policies. As the
already existing European model seems to protect in the best way the right of the users, this
should constitute the base on which all MISSION members harmonize their national data
protection legislation.

5. 7

Contractual Liability

To determine if and to what extend it is feasible to talk of liability of MISSION towards its
customers for non-performance of its services to the expected frequency and quality level,
we have to refer to the PTOs (Post and Telecommunication Offices) experience.
Therefore, MISSION will have to delineate carefully in contracts with customers, the kind of
performance deficiencies that give rise to liability.

However such a liability can be

eliminated or limited through specific contractual provisions.
We can recall notably the example of BT (British Telecom). It is only since 1984 that BT
retains such a liability. In the absence of anything contained in a contract, the supply of
telecommunication services falls squarely within the Supply of Goods and Services Act 1982
of United Kingdom. Under section 13 of that Act there is implied a term that the supplier
shall exercise reasonable care and skill in the supply of the relevant services.

As a

consequence, in the absence of any exclusion and limitation clauses, the liability of the PTOs
with respect to any failure in performance of their services could be quite open-ended.
Therefore PTOs have adopted the practice in their standard conditions of service of
excluding and limiting their liability [Long, 1995]. This practice is generally followed by
telecommunication service providers in almost all countries.
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MISSION should also include in the contracts with its customers a provision that excuses
performance deficiency due to circumstances beyond its control (Force Majeure).

5.8

Data Policy and Protection

In order to become a successful commercial enterprise, MISSION should establish a policy

for the distribution of its remote sensing data, which takes into account already existing
legal principles and which provides adequate protection against unlawful use of MISSION's
data.
The main international instrument relating to remote sensing activities is the "Principles
Relating to Remote Sensing of the Earth from Space", adopted by the United Nations
General Assembly, Principle XII of which states that :
"As soon as the primary date and the processed data concerning the territory under its
jurisdiction are produced, the sensed State shall have access to them on a nondiscriminatory basis and on reasonable cost terms. The sensed State shall also have access
to the available analyzed information concerning the territory under its jurisdiction in the
possession of any State participating in remote sensing activities on the same basis and
terms, taking particularly into account the needs and interests of the developing countries".
The UN Principles also define in Principle I different kinds of remote sensing data . The
definition of these different kinds of data are of importance, not only for establishing who
has access to the different kinds of data, but also for the legal protection of the data.
Principle I defines the following kinds of remote sensing data :
"The term "primary data" means the raw data that are acquired by remote sensors borne by
a space object and that are transmitted or delivered to the ground from space by telemetry
in the form of electromagnetic signals, by photographic film, magnetic tape or any other
means".
"The term "processed data" means the information resulting from the processing of the
primary data, needed to make such data useable".
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"The term "analyzed information" means the information resulting from the interpretation
of processed data, inputs of data and knowledge from other sources."
These principles are important and have to be taken into account the data distribution
policy of MISSION. Keeping these principles in mind, MISSION has to create a legal basis
for distributing the data corning from the satellites; a basis which also protects the data
against

unlawful

use

and

distribution

of

the

data

and

maximizes

their

commercial potential.
So far, no international regulation exists, which provides copyright protection against
unlawful use of remote sensing data. The protection of the data under national copyright
laws varies from country to country and in some cases, the national copyright laws do not
provide any protection at all, especially for the raw data corning from the satellite.
"Copyright is an exclusive right granted by law to the author of a work which is eligible for
protection, i.e. it must satisfy at least the minimum of conditions of being an original
intellectual creation expressed in a tangible, reproducible form. The form of expression only
is protected, not the idea expressed in it" [Oosterlinck, 1984].
Whether remote sensing data, especially the raw data but also the processed data, fulfill the
conditions of being an original intellectual creation and of being expressed in a tangible,
reproducible form is questionable and differs from country to country. Although several
efforts in harmonizing national copyright laws and in letting remote sensing data fall within
the scope of copyright protection have been made (for example by the European Union and
WIPO), full clarity on this subject has not yet been reached.
Taking into account the above mentioned UN Principles and the failing protection of remote
sensing data, we propose that the data policy of MISSION is based on three main principles.
The first principle is that all the data provided by MISSION will be available on an open and
non-discriminatory basis to everyone who is interested in obtaining the data, including
governments, private companies, meteorological institutions, research institutions,
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individuals, etc. throughout the world. No distinction between military and non-military
use will be made.
The second principle on which the data policy of MISSION will be based is on holding the
intellectual property rights of the data. As explained above, it cannot automatically be
assumed that MISSION will own the copyright of the satellite produced data. In order to
achieve this, MISSION will have to take several measures in its relationships with other
entities.
First of all, as far as the raw data are concerned, MISSION should include in the various
agreements with the receivers of these raw data that MISSION retains full title and
ownership over the data and is the holder of the intellectual property rights. In the first
stage of MISSION, the reception and processing of the raw data will not be done by
MISSION alone. Instead, several receiving stations throughout the world could receive and
process the data and distribute them to the end users, not necessarily via satellite, but most
probably through terrestrial networks. In the agreements with these entities, it should be
clearly stated that they in no way obtain any intellectual property rights over the data.
Infringement of the copyright by someone who directly pirates the raw data signals in order
to distribute them without authorization of MISSION is unlikely. The costs of building a
ground station, processing the data and distributing them to end users is so high that we
can assume no one will take the effort.
However, if someone rightfully wants to receive and process the data, he should enter into
agreement with MISSION in which it states that he does not obtain any intellectual property
rights and in which it states that he will include this provision in agreements with anyone
who will purchase the data from him. This way, MISSION will retain the copyright over the
data over the data in raw or in processed form from satellite to end user.
In a later stage of the project, MISSION will receive the raw data, process them, and

distribute the processed data to the end user directly via MISSION owned satellites. In this
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stage, it will be easier and cheaper to pirate the signal for personal use and for distribution,
without authorization of MISSION.
As mentioned above, MISSION cannot automatically assume it owns the copyright over
these data transmitted to the end user, since the current laws and regulations do not provide
this.
Therefore, the third principle on which the data policy of MISSION is based, is that, once the
processed data are transmitted to the end user by MISSION satellites, the signal should be
encrypted so that pirating becomes impossible and unlawful distribution, without taking
into account the rights of MISSION, will not occur.
Since MISSION is a hybrid public-private collaboration, each party to this collaboration
should accept the obligations and benefits of a data policy which in its turn should be
clearly defined. All parties must follow and respect the policy in order for it to work
successfully.
The fact that MISSION is hybrid public-private collaboration can result in differing views on
the pricing of the data, since public and private sector aims and objectives may be in
conflict. To make a profit might not, or to a lesser extent, be the objective of a government,
since its primary concern could also be to offer public services for the good of their
nationals. Provision of services with a nature of public benefit (i.e. disaster relief, weather
predictions, humanitarian aid, etc.) should in their view be free or at least at minimum cost.
The public sector's primary concern will be to make a profit.

As described in the

institutional framework of MISSION, government participation is needed in order to assure
that MISSION provides such public services for no or very low cost. To encourage private
sector to participate in MISSION, the system should make profit in order for the private
sector to do so. Besides, governments will also certainly be interested in making money out
of MISSION's services which are not for the public good but which have a commercial
potential. The pricing policy of the data should take this into account. MISSION's public
services should be free or at minimum cost for anyone who wants to use them, whether they
are individuals, private companies, government institutions, universities, etc.
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commercial services of MISSION, prices are determined by the level of processing and the
amount of data requested. MISSION will publish the commercial price list and will reexamine the prices of its products each year in conjunction with MISSION's national or
regional distributors [Ferrazzani, 1994).

5.9

Legal and political issues of GPS

The development of a global commercial GPS system as planned in MISSION could face
serious challenges with respect to its legal and political framework. Commercial enterprises
and international organizations could create alternative or complementary system to GPS;
nevertheless, due to the deep implications GPS has in terms of international security and
public safety, government policy decisions can affect the development of a commercial
global system. The result of a study conducted by RAND demonstrated that "a private GPS
system does not appear feasible because of the lack of an enforceable funding mechanism
that can deny access to non-authorized users" [Pace et al., 1995].

Moreover, "an

international GPS does not appear desirable because of potential risks to US security and
the lack of compensating benefits" [ibid].
The issues of acceptance, standards and spectrum management are likely to constitute major
problems for any private or international GPS system.
5.9.1

Legal acceptance

International government policy and regulations constitute a serious potential threat to the
development of a commercial GPS market. So far GPS signals are emitted from satellites
owned by a single country; global uses of GPS are likely to be impeded, as any country is
quite reluctant to allow use of a system it cannot control and which could impose
limitations on it.

Another major issue is the compatibility of the principle of state

sovereignty with the concept of seamless air space for GPS signals. The implementation of a
new global system requires more coordinated action at global level.

Anyway, it is

foreseeable that States may be willing "to introduce more flexibility in their exercise of
certain sovereign rights in exchange for additional benefits following from the public
utility" of the services offered by MISSION [Weber, 1996]. Legal acceptance for a global
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system could be better achieved through bilateral and multilateral agreements between the
United States and other countries which have a restrictive policy on GPS. The United States
could make more formal commitments, while other countries could modify their law and
subscribe international agreements in order to allow the use of a satellite navigation system
[Pace et al., 1995). As no existing organization is so far authorized to overcome all the
institutional and legal concerns of all the interested parties, a new international structure
should be developed in the framework of MISSION, in order to achieve an international
unified policy on GPS.
5.9.2

International standards and spectrum management

In order to achieve a commercial expansion into global market, it will be necessary to

develop global and interoperable standards. Incompatible standards, or the imposition of
national standards can limit market access to other countries. In the same way, inefficient
spectrum allocation can constitute a big problem for the development of worldwide
commercial GPS. Spectrum allocation becomes a fundamental issue when communication
links are used in conjunction with GPS. Inefficient availability can be at the origin of
interference, while split-spectrum allocations in different regions can determine higher costs
for access and use of additional spectrum [Pace et al., 1995). Therefore the implementation
of the MISSION GPS system will follow the same procedure already described for the radio
frequency allocation, so that MISSION can operate with appropriate radio frequencies in
order to grant appropriate coverage.

5.10

Security implications of MISSION

Security concerns connected with MISSION can be split into two categories: (1) it can be
used to inflict harm to someone's security, both on personal and national level; (2) it may
become a target for countermeasures that may decrease its reliability and capabilities (and
therefore its competitiveness) or totally disrupt its deployment and operation.
To date there are two clear possibilities where MISSION may be perceived to harm one's
security: first, MISSION is a dual-use system and there is the possibility of using it for
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inflicting damage to an adversary; second, MISSION may be perceived to pose a threat to
the economic security of different countries.
5.10.1

Impact on the military security.

MISSION could be used as a source of military intelligence at regional and sub-continental
level. Its declared capabilities, especially resolution on request and short response time,
may increase combat capabilities of the national armed forces. A data collection network
proposed for the system may be used for espionage [Doyle, 1993] [Gupta, 1995] [McLean,
1992] [Preston, 1994] [Thomas et al, 1995].
These features of MISSION combined with positioning capabilities may provide effective
targeting for cruise missile-type weapons.

Being accessible and comparatively cheap,

lightweight GPS-type receivers can be incorporated into a simple airframe.

That can

increase accuracy and lethality of conventional weapons, especially against unprotected
fixed targets like an environmentally dangerous industrial object, transport networks or
local government infrastructure [Ikle, 1996] [Lachow, 1995] [Pace et al., 1995] [Preston
1994].
Navigation capabilities of MISSION combined with precise mapping information from
MISSION may also increase effectiveness of commando-type units like guerrilla gangs or
terrorist groups.
5.10.2

MISSION's impact on the economic security.

Space observations combined with a historic database may provide way for gammg
economic advantage of precise information quicker than others.

For example, early

information on crops may cause price fluctuations that may be harmful for certain countries
and they may oppose MISSION politically. The capabilities of MISSION allow it to be used
for economic espionage, that in turn may harm the economic interests of certain countries.
MISSION's deployment and consequent operation could be perceived to pose serious
competition to the existing commercial and mixed companies working in the field of geoOrganizational, Legal and Policy Considerations
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information services. To date none of the existing civilian systems have sustainable global
coverage and a military level response time. Emergence of a competing system with global
coverage and shorter response time may seriously diminish their market share. That in turn
may endanger economic security of certain countries. [Cable, 1995] [Menon 1995].
MISSION may also provide information on the ecological problems in a country. This
information may help to exert political pressure on that country from international
community. Misuse of such information may also provoke economic sanctions against that
country and eventually cause acute conflict [Hoagland, 1991] [Horner-Dixon, 1991] [Levy,
1995].

5.10.3

MISSION's impact on information security.

MISSION may be used for personal surveillance and, under certain conditions, it may help
an "oppressive" regime to suppress democracy. It creates a big ethical problem of violating
someone's privacy and supporting "non-democratic" governments. To date, however, there
is no precedent of using a space-borne system for such purposes.
MISSION could be used as an entry point to large networks and has therefore information
warfare capability.

Nowadays many countries, especially North America and Europe

became highly dependent on information-based resources, including complex management
systems and infrastructure involving the control of electric power, money flow, air traffic
and communications networks.

These systems are equally vulnerable to physical

destruction of their hardware and against information warfare attacks through virtually
uncontrolled public gateways. These attacks do not need sophisticated weaponry and can
be launched by specialized interest groups, to say nothing about single states.

The

MISSION system, if it fails to protect itself from an information warfare attack, may
facilitate further attacks against a state's information infrastructure [Molander et al., 1996].

5 .1 0.4

MISSION's Impact on comprehensive security.

The integrated approach put into the foundation of MISSION 's architecture allows its
clients to exercise combined impact on a nation's security by harming it along different lines
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at the same time. To be competitive, MISSION has to provide low-cost services worldwide. Traditionally users that exploit a wide range of services on a regular basis enjoy
considerable discounts. That could lead to a possibility that MISSION may be affordable to
be used by armed forces of an aggressive state on routine day-to-day basis. Being a user of
a substantial part of MISSION's services, such a state may gain covert control over the part
of MISSION. Carefully organized network of virtually independent users combined with
some analytic and information capabilities may turn MISSION into an instrument
supporting international terrorism or aggressive foreign policy.
MISSION's security

5.10.5

MISSION's capabilities and possibility of deliberate hostile use may provoke preventive
countermeasures from certain countries. These measures may include:
•

Information denial by the preventing MISSION's connection to the existing
communication networks

•

Physical destruction of MISSION's ground installations. The possibility of that
may lead to the opposition to MISSION's deployment from the local population

•

Frequency denial. To date there are no precedents of deliberate jamming of
signal from space objects.

However some military doctrines presume GPS,

satellite communications and remote sensing information denial by jamming the
signals and physical destruction of ground installations [Pace et al., 1995]
[Preston, 1995]. There is also the possibility to harm MISSION by organizing
political opposition in the ITU to prevent the allocation of frequencies and/ or
orbital slot for its space segment
•

Licence denial.

To market and operate sophisticated electronic end user

equipment MISSION

must get a licence from local authorities granting

permission to operate within certain territories.

With uncertain security

outcomes of MISSION it is possible that local authorities may use the right to
license commercial activities to decrease possible harmful effect of MISSION on
their security
•

Economic measures. Highly effective system providing low-cost services could
pose serious competitive challenges to the local and/ or national companies
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operating in the same field. A possibility exists that local authorities could use
econoinic measures to protect market share of local companies. That may take
form of tax barriers and preferential unequal access to the local markets
•

Political boycott and sanctions from international organizations.

In case a

country will be unable to use the above mentioned methods due to the limitation
of these measures to the national territories, this country may launch an
international campaign against MISSION . The outcome of such a campaign may
vary from political boycott to the economic sanctions and even military actions
against MISSION
•

The possibility of active hostile action against MISSION may decrease systems
reliability and operability. Such complex technical systems as the MISSION
being under pressure may become unstable and uncontrollable and pose even
greater risk for security

The above mentioned perceived problems could be solved by several ways
•

the structure of the organization that will operate MISSION

must ensure

impossibility of the misuse of MISSION. An international organization with
mixed governmental and private participation and with exclusively peaceful
mission, MISSION would provide guaranties of its security by concluding
international agreement, the signatories of which have obligation to abstain from
using MISSION to endanger anyone's security both on national and personal
levels. This agreement will be as a supplement to the Outer Space Treaty, the
provisions of which will be complied with by MISSION
•

the parameters of MISSION do not presume preferential coverage of any region
and provide equal coverage of the Earth. The orbital parameters of MISSION's
space segment will be openly published

•

restrictions will be imposed by requests' filtering and denial of the simultaneous
access to the best system resources, that is the it will be impossible to get high
accuracy GPS, high resolution and real time access at one time. That will limit
the possibility to use MISSION for military purposes
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Operations, Products and Services

MISSION

6.1

Definitions and characteristics

Two components characterize our system :
•

the information, or solution to the specific needs of the users.

•

the end-user terminals to get the solution by voice, data, image ... (see chapter 9)

The MISSION system will produce and distribute both new and classical products,
worldwide, at any time, and at the optimum price.

All the existing gee-information

products such as positioning data, data collected through in-situ environmental platforms
and remote sensing raw or preprocessed data will be distributed.
Most important will be the new products integrating GPS, remote sensing and collected insitu data as well as thematic value added processing. Those products will more take the
form of services since all of them will contain a value-added part catered for the different
categories of users and of applications.
As opposed to classical remote sensing products for instance, the essential product of the
MISSION system will thus be an "information service". Several categories of services will
be identified:
Category 1: The lowest category (cheapest service) is constituted by the provision of the
positioning service. The end-user will find his/her position without accessing the Data and
Information Management Center.
Category 2: The user will not only get positioning data but also will get environmental insitu and other archive or auxiliary data from the Data and Information Management Center.
This will be raw or poorly processed data.
Category 3: There, the user will get processed data from the DIMC or from his local node.
This data will have been processed off-line before .the user request or need. Some fair
amount of thematic expertise will be involved in the processing of the integrated set of geeinformation data.
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Category 4: The user will get processed data from DIMC or from his local node. This
product could involve specific request treatment, dedicated pricing assessment, real-time
processing based on a substantial amount of thematic expertise or any combination of those
for instance. These are the most expensive services, also the most profitable.
Those four categories will be the major revenue sources. Within the first two categories we
will find the already existing products based on GPS, remote sensing or telecommunications
taken separately. The categories 3 and 4 involve integration of various data sources as well
as more or less complex processing. These are new products and services, anticipated to be
a constantly growing market worldwide.
6.2

Operational aspects

In order for the MISSION program to be a success, the system should be efficient, reliable,

and cost-effective. These words will be referred in this chapter, as the following.
Efficiency: An efficient product or information service allows an efficient decision making
and a cost effective solution of problems. The real-time aspect might be so fundamental that
the system should be as autonomous as possible, excluding the human intervention as much
as possible. All satellites tracking and operations, as well as ground segments, processing
chains, should be autonomous.

Most elements of the DIMC should also function

autonomously. The human interventions should be limited to:
•

Off-line for system development

•

Off-line and On-line for System Maintenance

•

On-line for relaying the system when unusual requests requiring augmentation
of the system expertise are required

Reliability: mechanisms to verify the quality of the information before sending them to the
user must be implemented. Comparison with a bank of previous problems and solutions
and similar cross-check mechanisms will have to be provided. On the transmission link,
protection of the data to avoid its falsification will have to be implemented.
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Cost-effectiveness: All elements of the system will have to be optimized with respect to cost;
system autonomy with minimum of human intervention is a major factor there.
There are several categories of operations to be considered and optimized for efficiency,
reliability and cost. They will be discussed in the following section.
6.2.1

Operation of satellites

The space segment operates three constellations in GEO, MEO and LEO with airborne
system of Unmanned Automated Vehicles (UAVs) in the lower atmosphere (20,000-30,00
km). Except for the MEO constellation, both the LEO and UAVs relay their real time data

through the Data Relay Satellites (DRS) in the GEO. UAVs have the capability to relay their
own data directly to mobile ground stations especially where a dedicated service is to be
provided for a specific function. Another function performed by the GEO is to provide a
conduit for telemetry and telecommand operations for the MEO and LEO in order to reduce
the number of ground control stations needed for satellite housekeeping.

The MEO

constellation supports both GPS and telecommunications payloads on the same satellite
platforms.
In order to achieve optimization, efficiency, reliability and cost of operating the satellites,
the following are provided for in the constellation design:
cost:
•

Satellites in each constellation are designed to support more than a single
function where it is technically and economically feasible. For example, the GEO
constellation supports both data relay and relay of the TT&C functions for the
constellations.

•

The MEO constellation is used for both GPS and telecommunications
applications so that both development and operational costs are minimized.

Optimization:
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•

Inter-orbit operations are utilized to optimize the broadcasting capability of the
GEO constellation to provide real time remote sensed data with fewer number of
ground receiving stations as possible

•

Satellite tracking and control capabilities have been enhanced by using few
ground stations supported by GEO and MEO (GPS) constellations for TI&C
functions

Efficiency:
•

Real time high resolution remote sensed data can be achieved through an
airborne system.

This is useful especially where emergence operations are

required such as disaster areas. Other applications may include cases where
specific data is being sought for particular applications e.g. data required for city
planning
Reliability:
•

Inter-satellite links in the GEO are used to ensure that data collected by remote
sensing satellites or UAVs from one part of the Earth is relayed to all other
receiving stations around the Globe. This provides real time service, enables
ground stations to act as backups to each other in cases for example where a
station in one region fails to receive data because its adversely affected by poor
propagation conditions.

6.2.2

Operations of the airborne remote sensing platforms

The MISSION Airborne Remote Sensing fleet will be formed of :
•

Aircraft with spares at large cities, where bases have to be defined on the needs
for the airborne remote sensing information such as the traffic monitoring. At
any time, one aircraft should be flying over some of these cities and sending data
to the ground base or to GEO satellites

•

Aircraft with spares at potential disaster areas, which should be assessed on a
risk basis.
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•

Observation of areas that need separate periodic passes can be done by specific
missions and ordered via the DIMC.

All these bases have to be able to carry standard payloads and interfaces, and a possibility
to interchange, modify and upgrade the payload to suit the application and the situation.
All of the aircraft of the fleet will be remotely controlled by operators from the ground with
less interfaces and linked to GEO satellites to transmit data to other world ground centers.
The qualified ground operators, will get the order to run their specific missions from the
world information center where the decision is taken depending on the users requests. The
ground operators have to decide on the instruments onboard and all the flight parameters
depending on the kind of the mission and the time needed for observation and operations.
6.2.3

Operations of the in-situ data collection platforms network

The in-situ data collection platforms represent a fundamental part of the system. Each one
is basically constituted of one or several sensors (sensing of wind, humidity, water level,
snow level, seismic activity, ... ) and of a transmitter to send the data either via satellite or via
terrestrial lines to geographical information systems. The data so integrated in GIS can then
be used either to be sent automatically to decision makers for routine follow-up or to be
integrated in the processing functions in combination with remote sensing images for
instance. The first element in the data collection chain is thus the data collection platform.
Several products exist today on the market, designed for the ORBCOMM or the
CNES / NOAA ARGOS system for instance. A wide variety of them can exist depending on
the type of sensor they include. The MISSION system will develop its own data collection
platforms, attempting as much as possible to provide inter-operability with other data
collection systems.
Then the data collection platforms must be deployed. So far such platforms have been
deployed by people physically installing them by hand in the regions of interest. It is clear
that in order to make those data collection platforms the essential system element that they
must be, a large number of them has to be produced and deployed very cheaply. Since they
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must not only be deployed in inhabited areas but also in large unpopulated areas, some new
more efficient deployment techniques must be designed.

For instance deployment by

airplane or helicopters must be envisaged.
The management and operation of this broad network is complex.
First maintenance is a complex issue because of the difficulty, very often, to protect those
systems from natural or human destruction. One way is to deploy a very large number of
them so that the breakdown of some do not impair the efficiency of the system.. Since they
will transmit position in the same time as environmental data every faulty platform can be
localized to be repaired. In general, the status of every platform will have to monitored in
real time from the DIMC or from regional nodes. Regional nodes will most of the time be in
charge of the data collection platforms network since authorization of set up, installation
and maintenance will most likely be done regionally because of sovereignty constraints.
The protection of the transmission of in-situ data will have to be insured as for the remote
sensing data themselves.
6.2.4

Operations of ground stations

The satellite ground segment is divided into missions operation and control ground
stations. Mission operation ground stations are used for reception of satellite data and
distribution of processed data to the recipient. Mission control ground station are used for
satellite housekeeping as well as directing mission operations to meet customer demands.
Mission operation ground station are divided into the following.
•

Ground stations for receiving raw data from the satellite

•

Telecommunications

ground

stations

for

data

distribution

and

other

telecommunications mission operations.
•

UAVs ground stations for receiving direct data from UAVs.

Raw data ground stations: MISSION operates three ground stations for receiving satellite
data scattered around the world. Each station serves at least one Data Relay Satellite and is
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capable of receiving up to 622 Mbps. It is connected to Data Information and Management
Center (DIMC) via ground telecommunications network.
Telecommunication ground stations: MISSION operates telecommunications ground
stations to distribute processed data to end users. All though some users of MISSION
telecommunications system have direct access through their own ground terminals, those
connected to public switched networks (PSTNs) access this facility through Gateways
provided by MISSION in all countries where its customers are located. Its difficult to
quantify the number of stations required because it depends on the number and distribution
of users.
UAVs ground stations: UAV data is relayed to Data Information Management Center
through Data Relay Satellites. However, in cases where specific data is required by a
customer, it can be relayed directly to the user through the UAVs ground stations. Another
function of this station is to perform TT&C operations. Up to 100 UAVs ground stations are
distributed around the world according to the density and distribution of users.
Mission control stations
Mission control stations are used for satellite housekeeping as well as directing MISSION
operations as dictated by customer demands. A total of nine mission control stations are
located around the world. Every three of the nine are dedicated to each constellation. The
GEO mission control stations perform a supplementary role of relaying telemetry and
telecommand operations for MEO and LEO constellations when these satellites are outside
the coverage area of their tracking stations.
6.2.5

Operations of the Data Information and Management Center

The operations of the DIMC must be broken down into two main elements:
System Development:The system development must be carried out in full consideration of
already existing systems, formats and procedures. Inter-operability considerations must be
considered of high priority. Indeed, a lot of Geographical Information Systems, databases
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and networks exist world-wide today. The MISSION system must be capable of accessing
as much as possible of those systems. That's the reason why the system must be open to
different applications running under different platforms and languages. To develop the
system a team of engineers is required, Their task is to come up with the design of the
database and the information system, integrate the remote sensing, GIS and in-situ data
within an operational and optimized system.
As an interface with the user, the Data and Information Management Center will comprise
an authorization service which makes sure that the user is registered and authorized to use
the service. This commercial service can be managed automatically, even for the user
subscription. A part time employee can be needed to check the state of computers and the
applications.
The Data and Information Management Center has to set up conventions with the support
centers -other than the ones owned by the MISSION system- to be able to enter their
databases, transfer the needed data, and process it within the Data and Information
Management Center.
System exploitation: To ensure the management of the whole system with in an optimal and
secure way, a management service is required. The roll of this service is to take care of the
confidentiality and the limits in the use of the information. Some users can not be allowed
to get data, for any reason, the management service is the responsible of restricting the use
of the system and decide which data should be confidential. An other issue is related to the
user, an authentication of the users must be done to ensure that the right person is entering
non protected data.

This operation must be coordinated with the commercial service.

Furthermore, This service is editing and updating a catalogue containing a summary of the
whole data available in the system. This catalogue must be periodically sent to the users.
To avoid any breakdown of the system and overcome any failure concerning both the
hardware and the software a maintenance service is needed. Backups concerning data,
processors, interfaces, software have to be added enabling the switching to a redundant
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object when the original one is down. Those switching operations must be operated by the
management ser-Vice.

6.3

Promotion and distribution

6.3.1

Promotion

Basically the Information Service provided by MISSION should be available always and
everywhere to be of general interest and use for everybody. MISSION is a special product
that needs a specific promotional strategy. In order to let the potential market learn about
the MISSION's characteristics and benefits, it is recommended to develop a strategy based
in the following general terms:
•

Direct marketing approach through the personalized visit of specialized
personnel to the potential customers (universities, scientist, governments, private
companies ... )

•

Participation in the international space congresses, symposiums and exhibitions.
This participation should be through presentations and both display of the
product

•

Demonstrations to the individuals (like for instance at the le Bourget Air Show,
Paris) to let individuals know about it

•

Written material to be handed directly to the potential customers of the
MISSION,. This material should be focused on the benefits of the product and it
will provide support to the personal visit and to exhibitions

•

Advertisement through magazines, television, newspapers for the end user
terminal, by the retailers

Software will be also developed to provide the user with suggestions to get a problem
related solution. The combination with other software and their services might be the most
important key factor to make the service really attractive. The use of computer animation
software for educational purpose will help by visualization to understand our global
environment.
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6.3.2

Distribution

As said early, in the MISSION Project we have the end-user terminal to distribute but also
the services, so we can have 2 ways of distribution:
•

MISSION end-user terminal: the distribution channels will be the manufacturers
and the direct sales forces

•

MISSION services: the channel will be the entity responsible for providing the
service to the end-user (i.e. universities connected to a network using MISSION
technologies and providing education services to remote students)

Availability on already existing networks with already existing software such as Internet is
another issue. Building up such a service as MISSION will have to rely in its first stages on
existing information distribution services and ways and use them.

Compatibility of

software is here important.
The distribution of MISSION products will be done mainly through the retailers of the endusers terminals. Thus the main distribution channel may be manufacturers. The MISSION
directs sales force will also play a major role in reaching specialized potentials customers.
Main factors are the integration of this service into hardware and software.

Ceo-

information service will be integrated in all sorts of services such as digital TV, tele-games
and educational software. This fact will be important in order to offer the end-user an
attractive end-product useful in all aspects of life. The intended effect will be a permanent
penetration of our service throughout all situations of our daily life.
The intended penetration of our society with gee-information in every aspect of our life will
improve and wake up our global understanding.

An increasing knowledge of our

spaceship earth will create the awareness of 5 billion people on a bullet in space on each
level of our society. The daily routine use of gee-information such as GPS, maps, computer
animation and statistics will create a global environmental awareness.
In any case the combination with other services in each media throughout our daily life will

be the absolute key player in order to create and to penetrate our society. Considering the
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geo-information service independently means only providing information won't be very
successful. The key to success will be the combination and penetration.
6.4

Pricing and billing

How to choose the appropriate billing system for the MISSION services and. the prices for
the four end-users terminals?
Considering that the MISSION system features can be compared to the Internet's, some of
the issues related to Internet billing and pricing systems are listed.
The necessary starting point is to well clarify the actual and future regulatory framework on
the kind of service provided.
The primary characteristic of the chosen billing system should be flexibility to allow
stimulation of the market with innovative services and multiple billing structure. Analysis
of the similar services offered by other service providers and their billing system, as well as
prediction of future major players should be carried on. The opportunity to design a flexible
and scaleable billing system is that it will enable operators to rapidly roll out new services
and to respond quickly to changing market conditions; this can be achieved examining the
critical factors that determine the level of flexibility needed in a billing system for rapid roll
out of new products, billing of multiple users to a single account (e.g. in companies), value
added and customized services, and responsiveness to technological advances, regulatory
changes and customer demands.
The development of a differential tariffs and packaging policy will maximize the
penetration of the services in the market. For example, developing a sliding tariff scale for
the services from basic to premium to attract demand from individual residential users to
major corporate customers, examining the price elasticity of the consumer and business
markets, justifying higher business tariffs for improved and prioritized services, contrasting
the different pricing models, such as flat-rate pricing, usage-sensitive pricing, transactionbased pricing, and predicting which charging model will survive: flat rate or u sage based or
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combination, and what effect does socio-economic situation and level of competition have
on monthly subscription charges.
When implementing the billing system it is relevant to integrate it with pre-existing systems
to improve customer care. This means to determine the functions and

interfac~s

required by

the new billing system, and to implement a modular and scaleable system architecture to
achieve improved response times, greater customer satisfaction and optimal revenue
customer.
Regarding billing and payment options, the benefits of prepaid services should be analyzed
in particular, as well as the response of customers to this method of payment and the
evaluation of different solutions for enabling operators to offer prepaid services. This form
of payment would reduce the costs of collecting payments and reduce the likelihood of
fraud.
The billing system will have to support the different billing and payment options for
content-based and subscription-based services, determining the system functionality
required to enable individual users to select a combination of immediate and deferred
services, and comparison of the impact on overheads, cashflows and system design of
setting up automated credit card and direct debit payment collection; on-line billing and
payment mechanisms; and prepaid smart card and token systems.
Also the possibility of one stop billing should be analyzed, assessing the benefits and
integration implications of convergence billing. The best option should be determined
among the integration of pre-existing separate billing systems or implementation of a new
system to handle conglomerate billing. An analysis of the cost saving with the integrated
billing and the impact on your customers, as well as on how maximize micromarketing
opportunities and minimize churn should be carried on.
Finally, the charging of the content of the services is a difficult point. The relationship
between the variable costs of running the service and the current mood for fixed
subscriptions should be understood. The segmentation of consumer and corporate markets
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will allow to establish a tariff hierarchy: developing premium services and identify the
market willing to pay for guaranteed quality services, identifying innovative information
and services packages and determining the appropriate value; devising incentive schemes
to encourage users to drop subscriptions to competitors in favor of our form of payments.
On the base. of how MISSION operates, the subscription bill should be differentiated for the

four different terminals that can be utilized by the users, and can be based on telephone
subscription for fixed and mobile hand-sets. Eventual discounting or promotional offers
should be also proposed. The services bill is a very complicated issue, due to the almost
infinite set of possibilities of level of information that MISSION can give access to.
Following is a suggested method of charging the service for data elaboration.
The provision of data to the end user through the MISSION system can be broken down into
two different parts that are done separately: data computation and data dispatching.
The data computation, or processing, will give an answer to an user 'intelligent query'; the
Request Handling Expert System (RHESYS) uses two things: data and processing capability.
Therefore pricing have to be based on both data and processing time because some answer
may need a vast amount of data but not a lot of processing, and other may need small
amount of data but long processing time. A new processed data is often composed of
previously processed data and raw. To simplify the cost calculation, the two parameters
"Weighted Amount of Data"(WAD) and "Global Processing Time" are used. These are
defined in chapter 4.2.
The data dispatching, or transmission, can be based on normal telephone costs.
The four end-user terminals proposed in MISSION to provide the information services to
the users are new. Thus, no comparable terminals exists to extrapolate information on
possible prices. Only the mobile hand-held device can be assimilated to the recent NOKIA
9000, a communicator version for GSM and PCN with many applications, such as
telephony, fax, notes, e-mail, www browser, telnet, terminal, etc. Currently, its price on the
French market is 8150 FF without subscription (7150 FF. with subscription).
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7.1

Introduction

The overall system and capital cost analysis consider the costs of the satellites, launchers
and ground stations for each of the three constellations as well as for the airborne fleet. The
operational costs for the Data and Information Management Center (DIMC) and for the
satellite ground stations are addressed in the chapter 8.

7.2

Space segment

The costs of the three satellite constellations and the airborne platforms are calculated
separately.

For each of the constellations, existing satellites with similar missions and

similar payloads are used as a basis for comparison and cost estimation. To take into
account the differences in the satellite development and production, particularly for
assembly line productions, appropriate adjustments are made.
7.2.1

MEO constellation

The MEO satellites will be a hybrid of GPS and telecommunications packages. The GPS
package will be very similar to that on current GPS satellites, without the nuclear detection
system. There will also be a Ka-band 155.5 Mbps broadband telecommunications payload.
(Note: The contract for 21 Block IIR series of NAVSTAR GPS satellites, for instance, is $708,
million and this spacecraft is being built by Lockheed Martin Corp. This includes $52
million for the nuclear survivability capability. After excluding this cost, the cost of each of
these GPS satellites already in production, is about $32 million.) After taking into account
the cost of the telecommunications payloads, as provided in the FCC 214 construction
permit filings, the cost of each MEO satellite can be conservatively estimated to be about
$100 million, [Euroconsult, 1996].
7.2.2

LEO constellation

The LEO constellation will consist of 72 identical satellites, each with two types of remote
sensing payloads. These are a multispectral remote sensing payload with a 30 m resolution
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capability at 700 km, and a SAR payload viewing on both sides of the orbital path with a 10
meter resolution scan and also 1 meter spotlight modes.
The LightSAR satellite, currently being developed by NASA/JPL has been used as a
benchmark for the cost estimation of the SAR payload. The aim of the light SAR program is
to develop technologies that will enable the construction of lighter, smaller, more efficient
SAR satellites which, in· turn, will substantially reduce the cost of future SAR missions, such
as MISSION. The following are some comparable characteristics for the light SAR and the
MISSION SAR satellites, [http: / /southport.jpl.nasa.gov /] .
Comparative characteristics for lightSAR and MISSION SAR

Table 7.1

Payload

lightSAR

MISSION SAR

spotlight mode resolution

3m

1m

scan mode resolution

100m

10m

Altitude

600km

700km

Orbit

Sun synchronous

Circular, 98 deg

Mass

720 kg

700kg

Cost

$125 Million

$80 Million

The estimated theoretical first unit cost for the SAR payload in 2005 is about $50 million.
Adding a typical multispectral remote sensing payload and taking into account the decrease
in unit production cost for an assembly line production of 72 satellites, the cost of each LEO
satellite can be estimated to be around $80 million.
7.2.3

Airborne platforms

The airborne platforms are based on current designs for high altitude long endurance
automated airplanes such as NASA's Pathfinder Solar Electric Aircraft. However, these
aircraft are still in the development stage, and it is difficult to estimate their costs,
especially considering the large amounts of funds are still necessary for research and
development.
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The HALE (High Altitude Long Endurance) platform, which is also an unmanned
aircraft, is used as an example to help in the cost estimation of the airborne platforms
[ESA, 1996].
Table 7.2
Platform

HALE platform costs
Empty

Span

Endurance

Average Unit

Average unit

Mass

(m)

max/at

production

acquisition cost

18km,200kg

cost(million

(million ECU, 1996)

payload (h)

ECU ,1996)

(Kg)

HALE 500

500

25

18/8

0.79

0.85

HALE 1000

1000

40

74/64

1.43

1.53

HALE 2000

2000

60

115/105

2.65

2.84

The High Altitude Endurance Unmanned Aerial Vehicle (HAE UAV) Program has been
designed to provide extended reconnaissance capability for the US Defense Airborne
Reconnaissance Office. One of the two HAE UAV designs, named Tier II Plus, will be
capable of standoff, sustained high altitude surveillance and reconnaissance. Initially, it
will be able to operate at altitudes greater than 18.3 km for up to 24 hours and has an
operational range of 5500 km from its launch site. The specified unit cost in the initial
requirement is $10 million (FY 1994) [ESA, 1996].
Considering that the unit cost for a HALE 2000 platform is about $2.9 million, the cost of
the MISSION's airborne platform can be estimated to be no more than double this. If the
fact that 200 units are planned to be produced, the average unit cost can be estimated at
$5 million. This is also consistent with the expected unit cost of the aircraft based on the
initial unit cost for the HAE UAV of $ 10 million. Since this figure is based on the
development of no more than 10 such aircraft, the production of 200 may see a
reduction in unit cost to $2 million.
It is expected that MISSION will provide airborne platforms through national or local

governments and commercial entities who will provide the capital financing for these
units. They would also provide the funding for the operational costs. MISSION will
then provide the ground and space segment facilities to support these vehicles and
System and Capital Cost Analysis

209

MISSION

some $100 million has been budgeted for this purpose. In addition to supporting these
units, MISSION will be involved in the collection, processing and dissemination of the
remote sensing data to the appropriate customers. The revenues arising directly from
the use of the airborne platforms will be divided 50/50 with the other financing entities.
7.2.4

GEO constellation

The GEO satellites will be very similar to the likely characteristics of a third generation of
TDRSS satellites. The next generation of TDRSS satellites (TDRSS 8 to 10) will cost $481.6
Million [Euroconsult, 1996] for all three satellites. This brings the average cost of the
satellite to about $160 Million. Taking into account some differences between the satellites,
technology gains, and the more advanced capabilities projected for 2015 and beyond, it is
estimated that each of the GEO satellites will cost about $165 Million.

7.3

Launcher segment

Launchers are chosen based on the price per launch as well as on their launch reliability.
The Delta II launchers are chosen for launch of the LEO and MEO satellites, at about $50 M
per launch. Each launch will include five LEO satellites or three MEO satellites. Although
the launcher has the capacity to carry six LEO satellites on one launcher, because only four
operational and one spare will be put into any given orbital plane, only five of the LEO
satellites can be launched simultaneously. The GEO satellites will be launched on the
Proton K and can carry two GEO satellites simultaneously for $60 million.

7.4

Ground segment

The TIC&M ground stations that support the space segment for each of the three
constellations are projected to be some 5% of the overall cost. The actual end user terminals
will be acquired by the end users themselves.

7.5

Insurance

The satellites and the cost of the launches will be insured. Taking into account the insurance
needed for pre-launch, launch and in-orbit phases, 15% of the cost of the satellites and
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launchers is taken to estimate the insurance cost. Currently, insurance rates are closer to
20%, but performance reliability gains achievable over the next decade are expected to lead
to lower rates.

7.6

Data management and operations

The one time set up cost of the Data Information Management Center and all the necessary
equipment has been estimated at $260 million. Initially, only one DIMC will be built, but
after about five years of operation, another DIMC will be built to serve mainly as a backup.

7.7

Summary of costs

The manufacturing, launch and insurance costs for the various components of the MISSION
design are summarized in Table 7.3:
Table 7.3

Summary of costs
Unit cost (Million US$)

TOTAL cost
(Million US$)

LEO (72 satellites and 121aunches}
Satellite cost

80

5760

Launch cost

50

600

Insurance cost

-

954

TTC&M

318

MEO (40 satellites and 141aunches)
Satellite cost

100

4000

Launch cost

50

700

Insurance cost

-

705

TTC&M

-

235

GEO (4 satellites and 21aunches}
Satellite cost

165

660

Launch cost

60

120

Insurance cost

-

117

TTC&M
TOTAL SPACE SEGMENT COST

39
14,208

260

DIMC
Airborne Platform ground
System and Capital Cost Analysis

211

10

MISSION

14,478

TOTAL COST

Thus the overall capital investment of the MISSION system, not including the data centers,
is close to US$ 15billion. Figure 7.1 shows the breakdown of the capital investment.

Comparison of costs
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CHAPTER 8

Implementation and Business Plan

MISSION

8.1

Introduction

The MISSION system is highly complex and requires a well structured and organized
implementation plan. Taking into account the financial impact and the time required to
develop, produce and launch the satellites for each constellation, the process leading to
the full operation of the system is to take about 15 years. The implementation is
divided into six distinct phases, each of which is associated with the set up of
infrastructure, hardware and / or spacecraft. In addition, depending on the systems that
are in place and the degree to which existing infrastructures are used, the services that
MISSION can provide and the cost of these services will differ from phase to phase.
This section analyzes each of the phases as well as the transition from one phase to the
next from the point of view of the continuity of service to the end users.
8.2

Phases of the implementation plan

The MISSION system will not be fully operational (i.e.

independent of any other

systems) until the year 2015, although complete services will be available from 2010.
Nevertheless, by making efficient use of existing systems, limited services can be
provided beginning in 2000. As the infrastructure is set up and spacecraft are put into
orbit, the system will become increasingly independent.

The phases to full

implementation are as follows:
Table 8.1

Implementation plan
Phase

Year

1: Preparation and Creation of the MISSION system

1998-2000

II: Early Operation

2000-2002

Ill : Data Center and Airborne Implementation

2002-2004

IV: MEO Implementation

2004-2010

V: LEO Implementation

2010-2015

VI: Geo Implementation and Full Operation

2015 onwards
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8.2.1

Phase 1: preparation phase (1998-2000)

The first two years, from 1998 to 2000, will be dedicated to both setting up the organization
that will be operating the MISSION system as well as raising the necessary investments and
loans in order to begin the development of the system. During this period, plans will also
be carried out to build and distribute the first generation of end-user terminals to be used in
the next phase. Once enough capital is raised to begin the development and set up of the
Data and Information Management Center (DIM C), the second phase will begin.
8.2.2

Phase II: early operational phase (2000-2002)

In the year 2000, the construction and set up of the DIMC will begin and be completed by

2002.

The DIMC will be collecting all the necessary data and information resources

necessary for the services that are being planned. It will also be capable of handling the
remote sensing data from the airborne platforms in the third phase. It is also at this stage
that all the necessary software will be written and when all the equipment needed for the
third phase will be acquired.
The services that will be provided in this phase will include GPS, and data and information
services by giving the customer access to the DIMC. The existing GPS system will be used
to provide various GPS services. The end user terminals will be designed to be compatible
with the current GPS systems with only minor modifications necessary for compatibility
with the MISSION GPS system in 2004. This will allow for an early entry into the GPS
market while guaranteeing the customers continuity of service with an even better GPS in
2004.
Existing terrestrial networks for Personal Communications Systems (PCS) will be used for
giving the customers access to the information and services provided by the DIMC. The
most common and likely standard which will be used is the Global System for Mobile
Communications (GSM). The end user terminals will be designed to be compatible with
GSM. Because these terrestrial networks are limited to populated areas, the customers will
only be able to access the DIMC from these areas. But this limitation will only remain until
the MEO constellation is deployed, after which the access will be global and continuous.
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8.2.3

Phase Ill: data center and airborne implementation (2002-2004)

From 2002 onward, the DMC will be in full operation as will be the airborne platforms.
The customers will be able to gain access to the DMC services which will be complete with
all of the up-to-date data and information. Countries, cities, companies or even individual
customers can request that airborne platforms be deployed to continuously fly over any
given area with the requesting entity, providing the capital for the platform. Depending on
the need and expected market, the required number of airborne platforms can be deployed
for varying amounts of time over the requested area. It is expected that most of the more
populated cities in the world will eventually have one or more of these airborne platforms.
The data obtained from these platforms will be received, processed and distributed at the
DMC and be made available to the respective customers via the end user terminals. At the
same time, the GPS services that are provided in phase 2 will continue to be provided.
Using the revenue being generated and the $11 billion line of credit raised from government
and corporate investors, investment bank loans and bonds, the development and
production of the MEO constellation will be financed. Two and a half years for the satellite
development and manufacture, and an additional one and a half years to launch all of the
satellites will lead to the full operation of the new GPS and telecommunication services by
2004.
8.2.4

Phase IV: MEO constellation implementation (2004-2010)

In 2004, the MEO constellation will be completely deployed. Using the same end user

terminals with some modifications, the customer will have full access to the mobile and
fixed telecommunications services.

This will allow for complete mobile voice

communications and low to high data rate transfers. Additionally, the new GPS system
will allow for improved GPS services, in addition to what was already being provided.
During the five years of this phase, the first three years will be allowed for the
development and production of the LEO constellation while another two years will be
required for its launch deployment before the full operation of this constellation by
2010.
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8.2.5

Phase V: LEO constellation implementation (2010-2015)

The LEO constellation will be completely deployed by 2010. Because this will allow for
global and near-continuous coverage by remote sensing satellites, it will strengthen and
expand an already large market for remote sensing which is projected to be $5 to $10
billion per year by this time. The added value is in the integration of these remote
sensing data with the other data and information in the DIMC. Because the GEO data
relay satellites will not be deployed at this stage, transponders will be leased from
existing TDRSS type data relay satellites until the GEO constellation satellites are fully
operational, after which the MISSION system will be completely independent. Also,
leased terrestrial links to achieve needed interconnectivity will be realized under long
term contracts.

This phase will also allow for the development, production and

eventual launch of the GEO satellites.
8.2.6

Phase VI: GEO implementation and full operation (2015 onwards)

The GEO satellites will be deployed in 2014, after which the entire MISSION system will be

independent of any other satellite or satellite system. Because all of the services were
already available in Phase 5, there will be no new services provided during this phase.
However, money may be saved from not having to lease data relay transponders.
8.2. 7

Transition between phases

Concerns related to the continuity of services from one phase to the next will be taken
into account. For example, the greatest change will be seen during the transition from
the DIMC and Airborne phase to the MEO implementation phase.

As mentioned

previously, the DIMC and Airborne phase will be providing services through the use of
the existing GPS system and existing terrestrial networks for PCS. Once the MEO
constellation is in place, it will be able to provide the MISSION system's GPS and
telecommunications capabilities. To allow the customers continuous service, the end
user terminals for the earlier phase will be designed so that, with minor modifications, it
can also be used for the next phase. In some cases, dual mode transceivers may need to
be provided.
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8.3

Financial and business plan

The viability of the MISSION program primarily rests on the positive balance between the
expenses and revenues. The expenses for the system are divided into capital investments
and operational expenses. The details of the capital investments are covered in the previous
chapter whereas those of the operational costs are addressed in this section. The anticipated
revenue for the system are also covered here.
8.3.1

Capital investments

The capital investments reflect the cost of setting up the infrastructure for the system. This
includes the cost of all of the spacecraft and aircraft, the launches, the TTC&M centers, the
DIMC, and the insurance. This amounts to a total of $16.9 billion for the entire system. This
does not take into account, however, the cost of replacement fleets for any of the
constellations. Please see Appendix C for the complete data on the capital investments.
8.3.2

Operational expenses

The operational expenses are those which are necessary for the continuous operation of the
system. This includes a number of different types of expenses which are outline here.
Please see Appendix C for the complete breakdown of the operational expenses.
General administrative expenses
This is the cost for general administrative services for the MISSION system such as for
management, legal, financial and personnel expenses. As the system becomes increasingly
complicated, these costs will increase beginning, with $12 million in 1998 during the
preparation phase, up to $70 million by 2014.
Marketing and advertising expenses
There is no doubt that extensive amounts of marketing and advertising will be necessary to
effective "sell" the system to potential customers. This will become even more important as
the number of competitors increase over the years. Taking into account the increasing
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marketing and advertising needs over the years, these expenses will range from $15 million
in 1998 to $200 million in 2015.
International operations and travel expenses
Because the MISSION system will provide global services and will require contacts
throughout the world, there will be a number of offices and smaller centers around the
global. As is with any large company or organization, particularly an international one such
as MISSION, plenty of traveling is expected. Again, as the system expands, the amount of
traveling expenses will increase, ranging from $5 million to $9 million over the 15 years.
Leased communication line expenses
Although the MISSION system is planned to be an independent space system, it will also
require a fair amount of terrestrial connections. In addition to the need for the terrestrial
networks for the DIMC, they will also be required for some long distance calls through the
MEO constellation. Calls between two end users in view of the same MEO satellite can be
handled by that satellite and handed off, if necessary. However, if the users are far apart so
that no single MEO satellite is in view of both, the terrestrial networks must carry the
communication between the MEO satellites via ground stations. This is because the only
intersatellite links are with the GEO satellites, and any voice communications via GEO
satellites would have unacceptable time delays. The expenses begin at $2 million in 1998
and increase up to $8 million in 2014.
Data relay services expenses
This is only to pay for the data relay services that will be required by the LEO constellation
from 2009 onward.

Because the GEO constellation will not be in orbit until 2015,

transponders will have to be leased until then. By 2009, it is expected that at least one of the
data relay satellite systems of Japan, Europe and the US will be able to meet the temporary
needs of the MISSION system. If this turns out not to be possible in perhaps one region,
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then terrestrial relay arrangements will be explored as an alternative. There are already
plans for some of the future generations of data relay satellites.
DIMC operations expenses
The DIMC is the heart of the MISSION operations. It is here where all of the data and
information are stored, processed and distributed. The DIMC not only has to manage the
data and distribute them, but also acquire them from various sources. Sometimes, these
data must be purchased and therefore adds to the expenses. The operations costs will
increase with the expansion of the system, starting from $10 million and going up to $90
million, 15 years later. A backup facility is anticipated at the end of five years.
Acquired Earth observation data expenses
Before the deployment of the LEO constellation in 2010, remote sensing data for the DIMC
must be obtained from alternative sources. The data will likely have to be purchased from
commercially operated remote sensing satellites. Although the airborne platforms can
provide a limited range of remote sensing services, they are generally distinctively different
from satellite remote sensing data. In effect, they serve different markets and meet different
needs. In addition, because governments and commercial entities will be financing the
airborne platforms, the remote sensing data from these platforms will have to be purchased.
This is accounted for here. The expenses begin at about $10 million in 1998 and peak to
about $25 million in 2004, after which they decrease again , especially after the LEO
constellation is in full operation.
Capital payments and interest expenses

In order to finance the capital investments for the MISSION system, most of the funds must
be obtained through loans and investments. Particularly for the early phases of the system,
it will be difficult to recuperate the costs. In order to reduce the amount of interest that
needs to be paid, the capital costs will be capitalized over five to six years.
Table 8.2

Capital and Interest payments
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Period

2000-2003

2003-2006

2006-2009

Total capital expenses

$4 billion

$4 billion

$4 billion

number of years interest

9

6

3

total interest (8%/year)

$3.4 billion

$1.88 billion

$0.5 billion

total payment

$7.4 billion

$5.88 billion

$4.5 billion

yearly payments

$1 .33 billion

$1.33 billion

.$1 billion

8.3.3

Revenues

The potential amount of revenue that can be expected has been analyzed and is
expected to reach $14 billion by 2014. These estimates have been generated based on
current and predicted markets for the different applications or services. In addition to
giving the MISSION system's share of these separate markets, an estimation has also
been made for a new market based on services using a combination of two or more
different applications. For example, it is expected that the system will capture a portion
of the GPS, mobile telephone and remote sensing markets.

But what makes the

MISSION system so unique is that it can also provide specialized services that can only
be provided through the combined use of the above mentioned services. In addition,
the DIMC provides a large value added service which also needs to be taken into
account.

Taken together, MISSION should achieve great deal of positive synergy.

Brand new markets that are currently not clearly identified, may be anticipated. Please
see Appendix C for the complete data on the revenues.
Airborne remote sensing

The airborne platforms used in the MISSION system will be completely automated and
have a distinct advantage over traditional methods of aerial remote sensing. Because
current methods involve the use of pilot flown airplanes, it is obviously very labor and
cost intensive. The automated platforms have a great advantage in that large numbers
can be produced at a relatively reduced cost. More importantly, they will be not only
much cheaper to operate but also allow for continuous coverage of any given area.
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Although these automated platforms are still being developed, it is anticipated that they
will be extensively used for commercial purposes. Because no market currently exists
using these platforms, the existing aerial remote sensing market is used as the basis for
the revenue estimation.
The airborne remote sensing market today is significantly larger than that for satellite
based remote sensing. · Based on the current market of $1 billion it can be assumed that
this market will grow by 30% every year based on the new platforms. Even if a small
portion of this larger market can be captured, a significant revenue source can be
anticipated. Depending on the take up rate of these platforms by national and local
government and commercial entities, 100 to 300 airborne platforms will be used to cover
major cities and other areas of interest.

Due to the fact that national and local

governments and commercial entities are providing the capital financing for the
platforms in addition to the funds their operation, MISSION will purchase the data from
the operators. This w ill then be processed and resold at a profit.
GPS using the existing system

As indicated in chapter 2, the current GPS market is about $2 Billion. According to the
US National Research Council, the global market related to the GPS system should
exceed $30 Billion by 2005. Using $20 Billion as a conservative estimate for the GPS
market in 2005 and the prediction that we can capture at least 5% of this market, the
following is a possible revenue stream for the MISSION system based on its GPS
services.
Table 8.3

Revenue stream for the MISSION system from GPS services

2002

2003

2004

2005

Market

$108

$128

$158

$20 8

%of Market

5%

5%

5%

5%

Revenue

$0.58

$0.68

$.758

$18

GPS using the MISSION system
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Using the same market forecasts for GPS as used in the previous section, a mature GPS
market of $20 Billion after 2005 is used. Because the new GPS system will not only
provide superior GPS services, but also have value added benefits due to the access to
the data center and also voice communications possibilities, a market share that starts at
10% and build to 25% is projected over the first four years of operation.
Because of the market anomaly of "free" GPS services from the US system, it is possible
that even the superior navigational and locating features of the MISSION system and
the integrated service features will not achieve the market goals. But even if half of the
projected revenues are achieved, the overall economics of MISSION are still viable.
Table 8.4

Revenue stream for the MISSION system from GPS services
2005

2006

2007

2008

Market

208

208

208

208

% of Market

10%

15%

20%

25%

Revenue

28

38

48

58

Mobile and fixed voice and data communications

The calculations for the estimated revenue that can be generated through the use of the
telecommunications payload aboard the MEO satellites were approached by first
looking at the capacity of the entire system to handle voice and data communications for
both fixed and mobile users.
This estimate takes into account the following factors:
•

The per minute charges for voice services provided by other LEO systems will
decrease sufficiently such that the charges will have to be about $0.5/minute.
Similarly, it will be about $1/minute for 2 Mbs data rate services for fixed
terminals.

•

The fixed terminals will occupy about 50% of the available bandwidth at any
given time and only 25% for the mobile hand-held terminals.

•

An 8 hour day and 300 days/year are used in the calculation.
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Table 8.5

Revenues from mobile and fixed voice and data communications
Fixed Terminals

Mobile Hand-held terminals

Antenna size

1.03 m

0.117 m

Transponder type

36 MHz

24MHz

Transponder #

2

6

Bit rate I transponder

155.5 Mbs

2 Mbs

Bit rate I satellite

311 Mbs

12 Mbs

Bit rate for system

12.44 Gbs

0.48 Gbs

Bit rate use

2 Mbs

4.8 kbs

Maximum # users at once

6220

100,000

cost/minute

$1

$0.5

$/ minute for system

$6220

$50,000

% use at any given moment

50%

25%

adjusted $/min. for system

$3110

$12,500

$/year (8hrs/d;300dlyr)

$0.5B

$1.8B

This conservative estimate projects an annual revenue of $2.3 billion per year within
four years of full operation of the MEO constellation.
Satellite remote sensing

Although the satellite remote sensing market is significantly smaller than that for aerial
remote sensing, it is likely that this balance will change as a result of a much larger market
for satellite remote sensing in future years. Once the LEO constellation, with its remote
sensing payloads, is fully operational in 2010, the revenue is expected to increase from $0.5
billion to $1 billion by 2014.
Before the deployment of the LEO constellation, however, MISSION will be acquiring Earth
observation data from other sources. The revenue that can be expected from the processing
and distribution of these data can be at least ten time greater the cost of its purchase.
Therefore, from 2000 to 2009, revenues from this is expected to range from $0.15 billion to
$0.25 billion each year.

Data and information services
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One of the key features of this system is that the DIMC will be able to provide an
enormous amount of valuable information to the customer, on demand. As described in
chapter 9, the information that will be available include all types of GIS information,
schedules, reservations, news, weather, traffic, and more. This is a service which is not
provided by anyone at this time and therefore there is no existing market for it yet. The
estimated revenue for this market in the initial phases is based on the cost of acquiring
Earth observation data.

Assuming that the revenue is about 20 times the cost of

acquiring the Earth observation data, the annual revenue will range from $0.6 billion in
2000 to $3 billion in 2014.

8.4

Revenue projection and cash flow analysis

8.4.1

Cash flow

A comparison of the total amount of cash available in a given year with the capital and
operational expenses shows a positive cash flow throughout the 15 year implementation
plan.

Revenues and expenses
15

--capital
expenses

10

0

-~020

- - operational
expenses

A

5

2005

Revenues

2010

20 5

years

Figure 8.1 Revenues and expenses

The projected annual revenue is shown in the following graph. It is assumed that revenue
will be generated for each of the different types of applications, in addition to services
which integrate more than one of these applications. Therefore, the revenue is estimated
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over the 15 year implementation period for each of the following isolated markets: GPS
using existing systems, GPS using the MISSION system, aerial remote sensing, satellite
remote sensing, telecommunications (includes both mobile and fixed terminals), and data
and information services.
One signifi~ant revenue source which has not been included is the amount of money which
can be earned from providing specialized services which can only be provided by
combining the mentioned applications. This value added market is very difficult if not
impossible to estimate and therefore is not attempted in this section. However, the potential
global market for such a system has been estimated at $110 billion by 2014. Please refer to
Appendix B for these revenue estimates. Assuming that MISSION can capture 20% of this
market, the forcasted revenue from the market analysis point of view is $22 billion.
Considering that the revenue estimated in this section is only $14 billion, it can be assumed
that this is a very conservative estimate.

8.5

Financing

The MISSION system is technically highly complex, taking about 15 years to design, build
and deploy.

This system is also complicated because of its intensive financing

requirements. MISSION is a hybrid intergovernmental organization and private enterprise,
requiring funding from multiple sources.
An analysis of the cumulative revenue for the 15 year implementation period indicates a
very healthy revenue stream for the latter phases. The MISSION system will require over
$16 billion in capital investment. Because of the strong revenue stream beyond 2006, this
can be completely financed by this lucrative revenue stream without external sources of
financing. However, the capital investment and operational expenses for the first 9 years
must be financed through loans and investments.

Based on the cumulative capital

investments required for the first 9 years, about $11 billion will be need for financing
through loans and investments.
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Figure 8.2 Cumulative expenses and revenues

8.5.1

Sources of financing

In order to achieve the objectives of MISSION, it is critical that the needed capital be raised

in time from the various investors and partners. The potential sources of funding are:
government investors, corporate investors, private bank loans, and bonds, with 25% of the
needed capital corning from each source.

government
investment
25%

bonds
25%

bank loans
25%

corporate
investment
25%

Figure 8.3 Sources of capital financing
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It is clear that in the initial phases, when the revenue is still low, most of the capital

financing will have to come from investments and loans. However, as the revenue stream
increases, it will be able to cover all of the capital investments beyond 2010.
The success of the program is contingent upon the amount of capital that can be raised in
the first few years in order to maintain a positive cash flow. During the initial phases, the
amount of revenue is limited whereas the capital investments remain high. In order to
finance the first 9 years, loans and investments totaling $11 billion will be needed. Since the
cumulative capital requirements remain below this amount during the initial phases,
MISSION should be able to easily maintain a positive cash flow.

Once the MEO

constellation is fully operational, a very healthy revenue stream will allow for a very
favorable financial situation.
Although it is favorable, from the financial point of view, to obtain as much of the capital
from government investments, political realities require that the capital be raised equally
from both government and corporate investors.

Investments coming solely from

government sources would encroach upon the balance between intergovernmental and
private investment and the needed parity to make this organizational structure work.
Because MISSION is an innovated space based system that incorporates several new
concepts and technologies, space agencies would have some interest in supporting such a
project. However, due to the limited budgets of these agencies, large amounts of funding
would be expected, but some can be anticipated, at least in the areas of development and
production of the various spacecraft and payloads.
Although MISSION has set some clear commercial objectives, it nevertheless also meets
many national and global humanitarian needs. In fact, these needs were the key drivers in
setting the requirements for the system. Because the system can play critical roles in various
areas of disaster relief and resource management, for example, governments of many
nations will likely be keen on supporting the implementation of such a project. Considering
the positive societal impacts as well as the potential amounts of money which can be saved,
it could well be a very profitable enterprise for them. This will also be the case for various
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types of international organizations with specific objectives and needs.

Most of these

organizations have large cash reserves and may find it in their best interest to help finance
the MISSION project. This can be accomplished by signing prepaid contracts with these
organizations, which is accounted for as revenue in the first two years, even though the
services will not be rendered until several years later.
Bank loans are the leasl favorable source of funding in terms of the rate of interest which
needs to be paid. However, it is a reliable source of financing which is appropriate for
MISSION. Because the financial plan demonstrates a clear multi-billion dollar revenue
stream after five years of operation, it will likely be able to obtain the necessary loans to
finance the project. In addition to bank loans, bonds can also be a viable option.
8.5.2

Other sources of funding considered

The World Bank has been considered as a potential financial resource but it is unlikely that
they would finance a project such as MISSION.

The World Bank consists of the

International Bank of Reconstruction and Development (IDRD), the International
Development Association (IDA), and the International Finance Corporation (IFC).
Traditionally, the World Bank gives loans to support necessary government or government
approved projects that may otherwise not be possible for financial reasons. Unprofitable
projects such as building of roads, dams and schools are examples of such projects. Because
MISSION is primarily a commercial endeavor with a favorable financial plan, it would
likely not qualify for a World Bank loan.
Venture capital often helps to finance expensive projects that potential has large returns
within a relatively short period of time. Although MISSION is expected to have a very
strong revenue stream during the later phases of implementation, the first 7 years cannot be
financed by revenue alone. Therefore, it is unlikely that venture capital will be a significant
source of financing, if any.
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8.5.3

Capital investments, loans and interest payments

The $11 billion from loans and investments will be used to finance the capital requirements
during the first 9 years. A favorable interest rate of 8% is assumed for all of these sources.
Because of the small amounts of revenue in the initial stages, arrangements will have to be
made for a deferred interest payment plan where all of the interest will be paid as one lump
sum at the end of the 9 year period. In addition, the loans/investments will be divided into
3 installments such that $4 billion will be used during the first three years and will accrue
interest over the 9 year period. Another $4 billion for the next three years will accrue
interest for 6 years and $3 billion for the last three years.
8.6

Risk analysis

A thorough risk analysis is necessary in order to assess any major loop holes or weakness in
any part of the project. This analysis is particularly important from the financial point of
view because the viability of the entire project rests on its potential to generate profit
without unnecessary risks.

The various types of risks are described in the following

sections.
The business or financial risk is a critical factor to consider when setting up the financial
plan. The risks that have been identified in the MISSION system are outlined in this section.
One concern for the first five years of the implementation years is that only one DIMC will
be built. Due to financial reasons, a backup facility cannot be built until 2005. Because the
operation of the entire system is dependent on this facility, if anything happens to it, it can
jeopardize or even destroy the system. As for the other facilities and satellites, backups
have been taken into account and is not expected to be a critical factor.
The financial plan has taken into account a strict schedule for the development, production
and deployment of the satellites. Because a slippage in the schedule can have a large impact
on the financial viability of the system, penalties for late delivery must be strictly enforced.
Additionally, incentive payments can be offered for the same purpose.
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The financial plan calls for $11 billion in capital to be obtained through loans and
investments for the first 9 years. Depending on the actual revenue and expenses during the
critical first few years, this line of credit may have to be increased. However, because
conservative estimate have been made for all of the figures, it is unlikely that this will be
necessary.
Estimating the future markets for some of the applications is very difficult. One which is
currently just beginning to expand is GPS. Because we are offering GPS services through a
private satellite system and would charge for services, it is difficult to anticipate what the
market will be like. On one hand, the US military is offering free GPS use, but on the other,
the MISSION GPS system will offer much superior capabilities as well as other value added
services.

8.7

Conclusions

Based on conservative estimates of the capital and operational expenses and also for the
projected revenues, a relatively detailed financial plan has been made. The cumulative
capital investments indicate that an $11 billion line of credit will be needed to finance the
initial phases of the project. The balance between expenses and revenues indicate that a
positive cash flow can be maintained with this $11 billion of capital financing for the first 9
years of the implementation period. This amount, derived from loans and investments, will
likely be attainable considering the lucrative revenue stream found after 2006. Considering
the health revenue stream, which is based on conservative estimates, it is concluded that the
MISSION project is not only a viable financial endeavor, but one which may provide its
investors with significant returns.
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Humanitarian Benefits and Impact on Society
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9.1

Introduction

Rapid population growth requires new means of transportation and new ways of managing
the scarce resources of the Earth. The assessment of the needs for the 21st century, which is
described at the beginning of this report, shows a definite need for the access to information
on a global basis.

Many questions must be answered.

How will new information

technologies like the proposed system affect our lives? How can future generations benefit
from such a global information structure?
Predicting the future is always difficult. Major breakthroughs in technology or science will
not only revolutionize our lives, but also, a continuous development in science and
technology, will lead to new economic opportunities and a change in the day to day life of
humans.
In previous sections of this report the current and future market has been analyzed, a
conceptual design of a space-based information system has been proposed and finally, in
this chapter different types of end user terminals are described and their impacts on society
are explained. The design of the hardware is given first because these terminals will
provide the information services to the user, depending on the level of subscription. The
technology of the end user equipment will be one of the main drivers determining the
future social impacts on humanity.

These possible social impacts on humanity are

discussed as well as future markets that might emerge from such a global gee-information
system.

9.2

End-user terminal

9.2.1

Market issues and services

The dominant market for the new gee-information system will be in the end user equipment
sector and the services provided. The market segments can be divided into hardware,
software, network operation, support and accessories, and provision of services [Ananasso,
Vatalaro, 1995].
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The hardware market sector encompasses transmission and switching equipment for both
terrestrial and space based systems and also the user terminal. Because the hardware would
be useless without software for data processing, software has become the fastest growing
market segment. It includes applications such as network management software for the
mobile network, firmware for user terminals and data processing software for the end user
equipment. The production of software is very expensive, but as soon as it is available the
reproduction can be done at lowest costs. The software can be distributed through existing
data networks and the new data management system described in chapter 5.2.
New businesses will emerge in the area of network operation and the services provided
through these networks. The services can be divided into different categories and different
levels (pay -levels). These categories are:

•

value added services

•
•
•
•
•

pseudo-interactive services
software distribution services
information services
transport management services
emergency location services

•

audio broadcast services

•

remote control.

Value added services utilize the communications infrastructure for selling information or
special knowledge.

Examples are traffic and tourist information, route guidance, car

parking, special events, shopping opportunities and many others (as described in chapter 3).
Pseudo interactive services are transmitted in broadcast mode and received by the proposed
user terminals, like a newspaper or magazine. "Pseudo" means that there is no on-line user
dialogue to the information source. The user only gets the information in which he/ she is
interested. High capacity data transmission allows frequent updates of the information and
sending of comprehensive media material.
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Software distribution services can provide software on a special channel, which will be
cheaper than a CD-ROM. Shareware and public domain software can thus be distributed
faster to the end user.
Information services encompass remote sensing data, such as images with GPS time tags
and location coordinates, navigation and position determination, and communication. The
system will allow for broadcasting of large amounts of information to the end user, either
directly and/ or to a data distribution center (chapter 5.2). Direct transmission to the end
user will avoid the overloading of the terrestrial network.
Transport management services include applications on land, air and sea. These services
are a part of the future "Intelligent Transportation Systems", including fleet management.
Emergency location services for persons will provide information to a public safety
answering point about an incident, the location of the person in distress as well as the kind
of aid requested (ambulance, fire brigade, police, road-side assistance).
Audio-video broadcast services can provide news, music, video and others.
Remote control can encompass navigation of automatic vehicles, service robots and
unmanned power plants and other service stations. Control commands will be provided
simultaneously to all remote systems that are within the coverage area of the satellites. The
connection between the sensor and the control station is done via a data network and the
feeder link (also see chapters 2 and 3).
9.2.2

Design considerations

Product design
Selling a new product requires careful and innovative thinking about its design by taking
into account the user's interests. User friendliness is a main design-driver. It means easy
handling and complete integration of the product for day to day life. Issues such as new
trends and status symbols have to be taken into account. What are the future trends? The
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future is determined by the new term "mobility". It implies fast transportation as well as
distribution and · reception of information anywhere on Earth at any time.

Modern

communicators now in use cannot fulfill the needs of the future global information market.
Hand-held, light-weight and cost-effective user terminals that correspond to the
requirements of high mobility are to be developed. Such a user-defined design has to take
into account the qualification of the user and the lifestyle. The product shall help the user to
identify with a certain "image." This means the image will be the main product and the
device will only be a side-product. The idea of buying an image and getting the actual
product as a substitute for it, will influence tomorrow's market strategies. The design of the
end-user equipment has to reflect this vision. The device has to be adaptable to every user,
provide a personalized interface that supports the wearer's personality, and is trendy.
It is difficult to forecast the future development of the user interface. A possible shift in the

interface paradigm, as illustrated in the following picture is, from so-called carry-on devices
(such as today's mobile phones) to wear-on devices (such as a wrist communicator). Due to
the rapid development of new technologies, this can be assumed.

Carry-ons
Wear-ons
will transform into

Figure 9.1

Technology developments

Technical design

The main drivers for the technical design of the end user terminal are applications (chapter
2) and services, both of which are determined by the user requirements. System availability,
integrity and coverage area are given by the space segment, whereas accuracy, especially for
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position determination and navigation, is mainly set by the technical quality of the end-user
equipment.
Services have been divided into categories but can additionally be separated into different
levels. Each service level will be charged differently to the subscriber. Table 9.1 shows
possible service combinations, but the services finally selected will depend on the market
and the choice of the user terminal.
Table 9.1

Pay services provided by the system.

Level/ kind of service

voice

Level 1

paging

GPS

X

X

data

fax

images 2-D

images 3-D

Level 2

X

Level3

X

X

X

Level4

X

X

X

Level5

X

X

X

Level6

X

X

X

X

X

Level ?

X

X

X

X

X

receive only

LevelS

X

X

X

X

X

receive and send

Level9

X

X

X

X

X

receive and send

receive only

Level 10

X

X

X

X

receive and send

receive and send

X

X
X

The end user terminal shall be compatible with GSM so that the existing cell-phone
infrastructure can be used too.
Services and applications allow for four different types of terminals. Two of them will be
able to provide all the different levels of the above mentioned services, depending on the
subscription.

The actual product design can vary for each of the proposed terminals.

Companies will be free to develop their own preferred designs, so that competition will be
stimulated, and thus positively influencing the market.
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9.2.3

Hardware and software

The user segment consists of mobile and fixed terminals. Mobile communicators can be
hand-held, portable and vehicle mounted. Fixed stations are installed in the subscriber's
home or office. The four basic designs are:
•

Fixed home/ office terminal: It will be able to provide all levels of services
offered.

•

Mobile lap-top computer: It can be mounted in a vehicle or inserted in the fixed
station at home, but can also be used as a "Mobile Personal Data Assistant"
(MPDA). This means that it can be taken out of the vehicle and used without
any fixed electrical power connection.

•

Mobile hand-held device: It can be a mobile phone only or a personal data
assistant. When you look at it, it appears to be a normal mobile phone, but you
can open it like a mini lap-top computer. It has a small screen that can show data
and maps as well as 2-D images.

•

The "Very Small Communicator": It can be either a wrist communicator, a pencil,
pin or whatever the preferred design will be.

Fixed station
The technical basis for the design is standard reception equipment for television and
telephone with adjustments with regard to modem interface requirements as needed. Twoway communication including transmission and reception of data and two/threedimensional images is possible. A parabolic dish antenna with an indoor unit providing
down-conversion, amplification and demodulation of the signal forms the front end of the
user terminal.

For position determination a GPS system and antenna is added to the

equipment.
The fixed terminal can be used for all services including 3-D, virtual reality-pictures. A
camera mounted on the monitor allows transmission of real time pictures to other users.
Mobile lap-top computer
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The mobile lap-top terminal can be vehicle mounted.

It is then connected through a

docking station to the antennae (parabolic unfoldable antenna, GPS patch antenna, or
phased array antenna) mounted on the roof or on the back of the car. The docking station is
constructed in such a way that together with the portable terminal, it can provide collision
avoidance information through a radar installed at the front of the car and emergency
location services. In the case of an accident the deployment of the airbag automatically
activates an emergency call and the terminal sends the coordinates to the emergency center
(or the public safety answering point) that will provide the necessary help (ambulance,
police, fire-brigade, road-side assistance or tow truck) .
The lap-top can be removed from the docking station and used without any connection to a
fixed station. A small camera that is part of the lap-top allows to take images and to send
these images to another mobile user with the UTC time-tag and location coordinates.
Depending on the service, the reception and transmission of 20/30 - images will be
possible.
Hand-held unit
The price of these units will strongly depend on the services that can be provided. The most
simple one is a mobile phone with an integrated GPS receiver. More sophisticated units can
be used for data transfer on Internet and reception of pictures.
Very small communicator
The "very small communicator" such as the wrist communicator, will only be able to
provide voice communication and position determination, including emergency location
services. It can also monitor the health status of a person.
All terminals can provide position determination, and the ones with a screen can
additionally display the maps of the area requested and the position of the user on the map.
The user will be navigated to his / her wanted position by an artificial voice, which makes it
very practical for blind persons. All end user terminals have voice recognition and can be
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used without touching them. This will increase the safety of its use especially for users in
moving vehicles . .
Software is the most important part and includes firmware as well as data management
software. Software development is time consuming and difficult. It will strongly influence
the user friendliness of the different types of terminals and the services to be provided. To
describe the software necessary to easily operate the terminals or to predict the future
development in this area will exceed the aim of this report and is therefore not treated in
this chapter.

9.3

User concerns

9.3.1

Electromagnetic fields and the risk of cancer

Researchers have claimed that radiation from electromagnetic fields (EMF) can cause certain
types of cancers. The media have picked up on these claims and as a consequence, many
people have raised concerns about the use of electronic appliances and equipment,
particularly mobile telephones. The specific concern with mobile telephones is that the
handset is used very close to the head and often for extended periods of time.
Because of conflicting research results with respect to the connection between EMF and
health hazards such as cancer, both the medical community and industry have become
involved [NRPB, 1992]. If a significant correlation could be made, it may have severe
repercussions in terms of public opinion and usage of certain electronics equipment. For
this reason, it was decided to address this topic in this report because it may affect on the
marketability of the system.
Hundreds of medical experiments and epidemiological studies have been made to
determine whether there is a correlation between EMFs and cancers [NRPB, 1992]. Some
have been based on animal studies while others have been case controlled or retrospective
studies. In March of 1992, the Advisory Group on Non-ionizing Radiation of the National
Radiological Protection Board published a report on "Electromagnetic Fields and the Risk of
Cancer" [NRPB, 1992]. This group reviewed the key reports that had been published to date
and made conclusions based those reports.
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The conclusion was that the epidemiological findings that had been reviewed provided no
good evidence of a cancer risk, to either children or adults, from normal levels of power
frequency EMFs, or from radio frequency microwave radiation. Some reports, however,
had pointed to a possible increased risk of leukemia for some groups of workers in
industries where exposure to electromagnetic fields may have been particularly elevated.
But the studies have been inconsistent and further research is clearly required.
Experimental studies have also failed to establish any biologically plausible mechanism
whereby carcinogenic processes can be influenced by exposure to low levels of EMFs. The
experiments have shown that low frequency EMFs cannot directly damage biological
systems. Research in this regard will continue to be monitored carefully. In general, it is
believed that if hand held units or "wear-ons" are limited to less than five watts of
transmission power, then no significant health risks will be presented.
The basic conclusion from the research work that had been carried out up to now is that
there is no persuasive biological evidence that electromagnetic fields, either static ones or of
different frequencies, have any influence on any of the accepted stages in carcinogenesis.
9.3.2

Information security

A major concern regarding this system is the aspect of privacy and information security.
The users must have complete confidence in that their privacy will not be violated while
they are using this system. A great deal of information will be traveling through the system,
such as banking and credit card information, location information, personal information
such as personal schedules and itineraries, phone calls and faxes, and medical records.
Currently one area of incertitude is purchasing products over the Internet and thereby
giving "hackers" access to a user's credit card and banking information. One dramatic
example is depicted in the movie "The Net". In this film Sandra Bullock's character's whole
identity (her drivers' license information, social security information, etc.) is maintained on
computers and basically wiped out by a group of international terrorists in an attempt to
blackmail and harass Bullock's character.
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The user will not want other individuals or institutions to have access to his/ her personal
information. The information has to go to the intended recipient and only to that person,
and not be accessible by others who may try to intrude into the system. A user's phone call
and fax information will have to be extremely secure in order for people to feel comfortable
using this system.
Provision of data security shall be a part of the services offered. The proposed system will
be protected by the most recent and effective security measures to ensure that all users will
feel safe and comfortable and have the freedom to achieve the maximum benefit from this
service.
One way of ensuring privacy during communications and data transfers is by preventing
unauthorized access through data encryption or scrambling.

Commercially available

encryption products have reached an advanced state to the point where, in a reasonable
time frame, some encryption codes will be considered unbreakable.
On the other hand, this raises new problems. These powerful algorithms might have a
negative impact on government electronic surveillance efforts. In the US, data encryption
methods are considered to be a threat to national security interests and, as a consequence, it
is illegal to export certain encryption products. There is currently much debate about the
balance between the rights of the individual to use such algorithms and the rights of the
goverrunent to prevent their use and the flow of data which cannot be deciphered.
Currently used data protection methods
There are several levels of data protection methods that are already being used for satellite
data transmissions.

For analogue television, such as with "pay-per-view" TV, a

synchronization pulse at the beginning of each piece of data is removed or corrupted,
thereby rendering it impossible for conventional commercial television sets to display the
data without further information.
For digital television, a pseudo-random noise (PRN) signal is added to the original signal.
The PRN signal is repeated and finally a series of zeros and ones is generated by the
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hardware.

Deciphering this signal by the receiver is accomplished through a

complementary piece of hardware. Statistical analysis of the data can also yield to the PRN
sequence, thereby breaking the code.

Fortunately, this can take up to several days,

depending on the length of the sequence, and thus this data protection method is proved to
be sufficient to prevent unauthorized access by others. This technique is also used by GPS
satellites to produce distinct signals from each satellite for synchronization. A potential
issue of concern is the possible breaking up of long sequences of the code, which might
cause a loss of synchronization in the receiver. For military use, more secure protection
measures are required which can be an example for a further improvement in data security
for the proposed global information system.
Authentication

Encryption algorithms can be applied for the authentication of data. Authentication is used
to ensure that the user is talking to the person, with whom he/ she thinks they are speaking.
This can be accomplished by the utilization of "private" and "public keys", which will be
available to the different users. These keys are essentially codes, which can be applied to
encrypted and decrypted messages. A user will have both a public and a private key. The
public key will be made available to anyone wishing to authenticate a message from that
specific user. The private key is for the use of the subscriber only, and will be utilized to
encrypt the message to be sent.

Only the matching public key can then decrypt the

message, which was encrypted by the private key before having been sent.
For further explanation, an example is given. Subscriber "A" transmits an un-encrypted
message to user "B" requesting that he/she returns this message, encrypted with user "B's"
private key. User "A" can then only decrypt that message applying user "B's" public key,
which is available to everybody. If the message cannot be decrypted back into the original
message that was sent by user "A", then he/she will know that it was not encrypted with
user "B's" private key. From this, user "A" can infer that the user at the other end does not
have user "B's" private key, and thus is probably an "impostor". This feature will be
invaluable for data exchange in cases such as for medical consultations where
authentication is critical.
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Securing the confidentiality of personal data during transfer
Protection of data during the transmission can be done with the already mentioned
methods. Encryption is only one way to protect data. It is a demand that some kind of
encryption of the data has to be made in order to prevent any unauthorized person from
obtaining the data and perhaps making illegal use of them. Basically, the encryption of the
data for confidentiality purposes, such as in a telemedicine project, may not be fully possible
right now, but it will be possible with the software that is being developed in the near
future.
The possibility of further protection of the transmissions through the use of authentication
methods (such as with passwords) has been already suggested.
For the ground segment and terrestrial network operations adequate safeguards must be
put in place by those who manage the electronic database. The privacy of the customer
requires securing the confidentiality of the stored information by means of restricting access
to the database, thus preventing any inappropriate use of personal records. The above
mentioned methods for data protection can mainly provide: (1) confidentiality (by avoiding
inappropriate access to any component of the database), (2) quick availability (by having the
record easily available to those duly authorized to access it), and (3) integrity (by having it
correctly entered and updated over time).
Data encryption, however, has two disadvantages: it slows down the data transfer rate and
it is politically sensitive.

It can be concluded that depending on the data being sent, either to or from the user,
different levels of encryption or protection may be used.

The most computationally

intensive and secure methods will be reserved for the transmission of sensitive information
such as textural medical discussions, while and necessarily using less computationally
demanding techniques for high bit-rate data, (such as for video conferences) and for access
to data centers.
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9.3.3

Ethical considerations

The ethical issues discussed shall basically create a kind of awareness and critique as to
what may happen in the future given the evolving information technology-society. Many
questions will arise, but few answers may be available. Answering these questions will be
the major t~sk for people who will be the key players in the development of the information
society. It is necessary not only to think about the ethical implications of the new system
and of the future developments, but to make appropriate decisions in a timely manner.
Developed countries
An information system, as suggested in this report, will result in a shift from movement of
people to movement of information, thus creating prosperity without consuming vast
amounts of physical resources, which is more efficient. For example, in the home office this
will allow for work to take place in the home, thus leading to a decrease in the number of
transportation needs.
What are the impacts on ethics with respect to more developed countries? Immediately
when coming up with a system such as MISSION, the image of "Big brother is watching
you", as George Orwell has described it in his novel "1984", appears in our minds. It is
associated with continuous surveillance of individuals. If society allows this to happen, our
world will not improve any further.

People will be scared to share information and

individual freedom will be restricted. The result will be a highly technical world, where
individuality and freedom have no place. Therefore, the implementation of the MISSION
system must be carried out very carefully.
New technologies, like virtual reality, and the expanded flow of information will enable u s
to extend the real world into a virtual world. The devices necessary to achieve this change
will become smarter and humans will be faced with the danger of losing control over the
new technology. Information technology will give us the opportunity to spend more time
communicating with an electronic interface than interacting with humans.
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The key to a critical understanding of technical and non-technical issues is education. The
approach to education may change. In addition to the traditional form of education, a selfeducation type of learning and gaining knowledge may occur, thereby allowing everyone
and not only wealthy people to have access to education and information. Nevertheless, it
must be ensured that through the never-ending exchange and flow of information, specific
traditions and cultural details do not vanish. Especially in less developed countries, this
issue might become increasingly important.
The new information age and its associated society will create new groups of outsiders, such
as older people, who cannot adapt so fast to the continuous changes, or people who do not
want to deal with new technologies and subsequently be faced with difficulties integrating
into society. The changing society will always have to take into account those who do not
want or cannot use the new technologies. It must be guaranteed that these people will have
the same rights as everyone else has and be able to remain an accepted part of society.
Less developed countries

"Most people on this planet do not have access even to the most basic telephone service."
[Daggatt, 1995]
Less developed countries include all regions which do not meet the standards as established
by the developed countries. From the ethical point of view the question has to be raised as
to whether or not everyone wants to have access to the information flow of the upcoming
century as this kind of information may be of no value to them.

On the contrary,

information which the less developed countries possess and consider to be valuable may
also be of interest to developed countries.

Do we have the right to take away their

information in order to feed it into our digital information systems? Probably the answer
will be yes, if there is no danger of destroying other traditions or cultures. Unfortunately,
this method has already impacted many cultures.
Today the cost of bringing modem communications to poor and remote areas is so high that
many of the world's citizens cannot actively participate in the global community. The goal
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for the near term future is definitely to make modern communications available AND
affordable for everyone without misusing or abusing others.
Less developed countries still have distinct cultures and traditions. This enormous value
and potential must not be overlooked by developed countries. If one considers for example
the Pygmies in Lobaye in the Central African Republic: Do they really want to have such an
interface which the proposed system suggests? How can their lives be improved with the
system? In whatever direction the information age heads, it should not be ignored, when
talking about the fact, that the only reference being used are the developed countries and
society has to acknowledge the diversity of cultures and the difference in human needs
before imposing a new technology on others. Since the primary interface for the MISSION
system in developing countries will be through governmental entities it is believed that a
good and reasonable interface will be advisable.

9.4

Societal impacts

9.4.1

Public sector

Search and rescue

Elizabeth is driving her two young children horne from a school event one winter evening.
The light snow that dusted the road earlier has frozen and new snow is falling thicker and
faster. The children are unconcerned, but Elizabeth, never fond of traveling in these
conditions, is trying to stay calm as visibility nears zero. Despite her vigilance and cautious
speed, Elizabeth misses a curve. The car leaves the roadway, coming to rest against a tree in
deep snow. Though restrained by seat belts and child safety seats, she and the children
suffer minor injuries. Their vehicle is stuck out of sight and unlikely to attract help.
Countless times a year, an incident like this can be a recipe for tragedy. MISSION provides
emergency vehicle location, not only for automobiles but for airplanes, boats and all other
modes of transportation. It will send help more quickly to stranded and injured travelers,
minimize stress and save lives. MISSION allows isolated travelers to transmit a request for
help, along with the vehicle's precise location, to emergency services personnel. Every
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second counts in trying to rescue a person and save their life. MISSION will provide search
and rescue services to travelers trapped in isolated locales such as mountainous or forested
areas. MISSION will assist rescue personnel by providing them with the most timely way to
reach the victims. MISSION will allow emergency services teams to maintain voice contact
with the isolated person, keeping everyone involved appraised of the latest occurrences.
MISSION will improve public safety and help save lives.
Disaster relief

Though increasing susceptibility to disasters, humanity is, for the first time in history,
capable of having a significant impact on their effect. Recent history has demonstrated that
an effective warning system based on gee-information can be tremendously beneficial in
reducing the number of deaths caused by disasters.
The proposed system will be able to cover the following issues concerning disaster relief:
•

Reduction of the impact of disasters on human lives through continuous
surveillance

•

Global disaster warning services

•

Relief support

•

Facilitation of emergency communications services

•

Provision of data for research purposes

•

Support of humanitarian relief activities

•

Provision of equal access to the MISSION system worldwide

In a disaster scenario, the primary function of MISSION is to provide early warning to the
appropriate authorities of the region which is affected by the disaster. Warnings can be
transmitted via the proposed mobile and fixed user terminals to the endangered population
in the affected region, such that they have enough time to take appropriate actions.
An example shall help to understand how the system can be used in a disaster situation.

The system can provide information as for example, early warning to people in a specific
area during a very heavy thunderstorm accompanied by hail and heavy rainfalls, which can
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help to better manage the situation and to avoid damage. The storm might cause mud
slides, floods, and damages because of the high wind speeds and hail. The system can warn
the local authorities and also single subscribers days or even hours before the storm occurs.
Referenced to the exact geolocation where danger is to be expected, the system can provide
people with the fastest escape route from the afflicted area thus avoiding traffic jams and
ensuring free movement for the rescue teams.

It will facilitate the communications

necessary to efficiently carry out the relief activities. Communications is a key element
missing from current disaster relief efforts [ISU, 1993], [Snijders, 1993].
suggested before,

that

" ... the United

Nations should

It has been

operate an international

communications system to support the relief activities of the UN and its specialized
agencies ... " [Carter, 1989], but up to now no efforts have been made in this direction.
There are almost no models, which can provide gee-information to forecast the impact of
disasters in a precise way. Often, preliminary damage assessments take several days to
accomplish, as was the case with Hurricane Andrew that struck Southern Florida, in 1992.
Compared to ground based warning systems, a space based system has the advantage of not
being affected by the disaster itself. In the case of the hurricane in Florida in 1992, it took
the Federal Emergency Management officials four days to fully assess the damage after the
hurricane had disrupted all land communication lines. Basically nobody had any idea what
was going on in the afflicted region. The fact that a four-day time lag occurred in one of the
most highly developed nations demonstrates the need for an augmentation of current geeinformation capabilities.
Types of disasters to be addressed with the MISSION system:

A disaster can be defined as an event which results in death or injury to humans, and
damage or loss of infrastructure such as cropland, buildings or communication systems.
Table 9.2
Meteorological

An example of disasters being addressed by MISSION
Floral & fauna

Geomorphic

Technological &

Global environment

production
Drought

Asteroid impact

Crop disease

Armed conflict
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Dust storm

Avalanche

Insect infestation

Deforestation

Atmospheric pollution

Flood

Earthquake

Wild fire

Industrial

Desertification

Chemical
Hurricane

Iceberg

Nuclear accident

Erosion

Lightning

Landslide

Oil spills

Greenhouse effect

Thunderstorm

Tsunami

Pesticide

Melting of ice caps

Tornado

Volcano

Space debris

MISSION can help in different ways:

A) Natural Disasters
•

Fire: automated detection and alarming, guidance of relief teams

•

Flood: early warning, prediction of flooded areas, extraction of critical data from
GIS (e.g. snow temperature, soil saturation, etc.) for determining the likelihood
of floods.

•

Earthquakes: measurement of tectonic plate motions, damage assessment,
mathematical modeling; early warning is still problematic.

•

Storms: prediction, tracking, rainfall estimation, escape-way planning

•

Landslides and avalanches: prediction, monitoring, evacuation, creation of
landslide maps, landslide research.

B) Human Made Disasters:
•

Chemical spills: early warning to neighborhoods, monitoring, prediction of
movement of the polluting agent, environmental assessment, guidance and
monitoring of crash crews

•

Oil spills: monitoring and tracking

•

Atomic disasters: early warning, tracking of radioactive fallout, escape-way
planning

•

Bombing: disaster assessment, guidance of rescue teams

•

Train crashes: early warning, alarming, evacuation
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Figure 9.2

Functional system architecture

Needs for improvement in warning and relief support:
The system goals for disaster relief are:
•

Faster warning

•

Analysis of large devastated areas

•

Reduction of warning time

•

More accurate warning

•

Increased capability of damage assessment

All these goals are closely related to each other. These improvements compared to existing
systems are extremely important for reducing the disastrous consequences.

Today

geosynchronous meteorological satellites are used to observe large-scale weather systems,
and give information to provide storm warnings. For floods the few existing warning
programs are based on ground-based measurements of rainfall and stream levels. The
problem with many existing warning systems is the effectiveness and timeliness with which
warnings are disseminated and the seriousness with which the warning are taken by the
public.
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The MISSION system will be based on Geographical Information Systems (GIS). GIS is an
enormously powerful new tool that allows for the integration of great quantities and
varieties of information, georeferenced into a single integrated computer environment for
environmental analysis and modeling. The information can be integrated and analyzed to
provide better information for better decision making at any scale, from global to local
[Madry, 1997].
GIS can be used, for example, to plan emergency responses to earthquakes. GIS will be used
to combine road network and earth science information to analyze the effect of an
earthquake on the response time of fire and rescue squads. The location of fire stations is
plotted on the road network, and a GIS network analysis is used to calculate the time
necessary for emergency vehicles to travel from the fire stations to different areas of a city.
The network analysis function considers two elements: distance from the fire station and
speed of travel based on the road type.
In an emergency, using additional ground sensors, the MISSION network can automatically
detect a blockage of a road network that would result from an earthquake. 1bis information
is automatically forwarded to the coordinating fire station as well as to the vehicles. The
vehicles automatically send their GPS position to the system and the shortest and/ or fastest
detour is calculated and is sent back to the rescue-trucks.
Table 9.3

~

'

Information needed for warning of drought, infestation, and crop disease.
Drought

Infestation

Crop disease

Archived data

Rainfall

Rainfall

Rainfall

(GIS)

Vegetation type

Air temperature on ground

Vegetation type

Vegetation extend

Vegetation type

Vegetation extend

Soil moisture

Vegetation extend

Soil moisture

Soil moisture
Real-time-data

Rainfall

Rainfall

Rainfall

(GIS)

Vegetation extend

Air temperature on ground

Vegetation extend

Vegetation stress

Weather forecast

Vegetation stress

Soil moisture

Vegetation extend
Vegetation stress
Soil moisture
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Table 9.4

Information needed for warning of earthquake, flood, and hurricane.
Earthquake

Flood

Hurricane

Archived data

Tectonic plate motion

Topographic maps

Previous storms:

(GIS)

Faults lineaments

Land use

(Intensity, path, wind profile,

Previous earthquakes

Previous floods:

pressure profile)

l

-

(Area affected, air
temperature on ground,

I•

extent of snow cover,
snow/water equivalent)
Real-time-data

Tectonic plate motion

Rainfall:

Height

(GIS)

Strain in subspace

(Amount, intensity)

Position of "storm-eye"

Ground movement:

Water levels

Humidity profile

(Acceleration, velocity,

Water flow rates

Winds direction profile

movement)

Soil moisture

Wind speed profile

Air temperature on ground

Temperature profile

Extent of snow cover

Pressure profile

Snow/water equivalent

Sea surface temperature

Temperature of snow

Rainfall

~

Technology of systems used in disaster situations
Remote clinical communications system (RCCS)
The US Army Medical Department has been testing a portable telemedicine system, the
Remote Clinical Communications System (RCCS), during the wars in Croatia and Somalia
[Crowther and Fernandez, 1993]. Via satellite, the field hospitals were connected to medical
facilities in the US The connection was established using a VSAT (Very Small Aperture
Terminal), a small, portable satellite dish. Using a digital camera and computer hardware
and software, images could be transmitted from the field hospitals to the specialists.
Medical consultation was provided by voice or message.

The system was used for

radiology, dermatology, pathology, ophthalmology, and orthopedic and plastic surgery.
System characteristics:
•

portable system
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•

independent of existing terrestrial phone lines

•

all off-the-shelf hardware

•

one-way still image transmission

•

two-way audio and massaging (e-mail & fax)

•

cost for each remote system (in US$, 1993) 65.000.-

•

the link between the remote site and the base station was established via a
commercial geostationary satellite in the INMARSAT network.

The telemedicine spacebridge
The Telemedicine Spacebridge was an audio-video-fax link between four US and two
Russian and Armenian medical centers that enabled American physicians to assist
Armenian and Russian physicians with the medical problems that followed the earthquake
in Armenia in December 1988, and the gas explosion in Ufa, Russia in June 1989 [Houtchens
et al., 1991]. The link was established via satellite. The Armenian site was connected to the
ground station via existing terrestrial phone lines.
Use of the system outside of disasters
The MISSION geo-information system can also be used outside of disasters.

The

constellation will be used for navigating and locating fire trucks, ambulances, and police
cars. Through it, faster help can be delivered to every person everywhere.
Today, it takes additional time for a rescue team to find the appropriate location. By using
GPS/GIS, this can be improved and critical time to deliver vital help can be saved.
There is also an additional advantage for the dispatcher, who can get feedback on a GISbased map as to where the vehicle is actually located and were it is supposed to go. This
system will help to avoid getting stuck on crowded or blocked roads.
Urban development
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Ceo-information Systems will serve as a digital basis for planning and evaluating existing
urban environments.

GIS information will be used for cartography, topography and

architecture.
Simulation of technical and scientific factors such as noise, climate and air will be possible
in the future using the MISSION network.
GIS technology will be also used for scientific investigations, resource management, and
development planning. It will be used to find wetlands that need protection from pollution.
Water companies will use the system to locate potential sites for new water wells within a
specific distance of a service area.
Using the GIS and a variety of digital maps, perspective views of an area before and after
development can be simulated. For example, perspective drawings of proposed mineral
mines and associated piles and ponds can be viewed beforehand. The resulting perspective
view illustrates the dramatic changes to the topography that mining would cause.
GIS can combine various types of maps and display them in realistic three-dimensional
perspective views which can convey information more effectively and to wider audiences
than traditional, two-dimensional maps.
The major trends in land use today will influence the availability of land, zoning policy and
land usage in the future.

The development of vacant industrial land, which is often

contaminated land, will be a major concern for planners. Major commercial businesses will
expand their operations. Telecommunication companies, power generation substations and
offices, banking and service industries will all need commercial space. These companies
will use the services provided by MISSION to locate the ideal commercial site for their
business in relation to potential customers and traffic network.
Population growth due to immigration will result in the development of new communities,
and/ or expansion of existing areas. Such circumstance will be interesting for real estate
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companies.

They are interested in gee-information which indicates where cities are

growing and what kind of land is to be developed.
Wired communities and wired workforces will allow planners to be less concerned with
issues of transportation, and instead focus on problems associated with larger homes, with
home offices, and residential areas expanding inwards to capture the benefits of work at
home. Work-at-home residents will demand comer convenience stores, coffee shops and
bars to recapture the social elements.
There is no doubt that information technology will have a great impact on the urban
planning profession by the year 2010. Already information technology has significantly
increased our abilities to communicate effectively through the Internet, and understand our
physical and economic environment through Computer Aided Design (CAD), GIS and
database applications. Planners will be increasingly pressured to gather and analyze larger
amounts of information about the urban environment as decision processes become more
and more complex.
Information technology will become essential in urban planning decision making as the
speed of global economic change will force us to improve reaction time and flexibility in our
urban environment. Communication technology will allow planners access to the virtual
community with professional networking, consulting, and rapid information gathering
[Urban Planning, 1995].
The Internet will allow greater community accessibility to information about the urban
environment, which may include proposals, community input, voting and community
decision making.
The expressed intent of planning and urban design is often considered "community derived
design", and MISSION will enable this to become reality. Open information policies will
allow constituents to have a greater say in their governments.
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GIS and CAD information systems will allow planners to understand diverse but physically
anchored elements of a certain region. Advances in GIS, CAD and GPS will enable planners
to easily and quickly access information pertinent for their work.
Health care delivery and health education

Issues associated with health care in any country can be broadly categorized into health care
delivery issues and health education issues. Each of these will be addressed separately.
Health care delivery primarily addresses the issues of health care quality and how it is
provided or made available to the individual members of society. The quality of health care
that is available may differ even for individuals within the same society.
Health education refers to education of the public with respect to basic health care and
medically related information as well as to the education and training of physicians and
medical personnel. The quality and availability of appropriate medical education may
widely differ depending on region and affordability.
One of the main responsibilities of any government or society is the provision of adequate
health care to the general population. Depending on the type of health care system a
country adopts, the distribution of health care and the quality of the health care provided
can be widely different. This discrepancy in the quality and availability of health care is an
important issue in many Public Health Care Systems and is currently high on the priority
list of social problems to be addressed in many so-called developed countries such as the
United States.
The regional differences in health care delivery and education issues depend on the
available infrastructure, the type of government, and the economic condition and
development of a particular country. In the following, we distinguish between developed
and less developed countries.
Developed countries are known to have well established health care systems. Although the
overall quality of the health care in these countries is very high, not always do all parts of
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the society have access to the same quality of health care. One of the main problems in all
medical systems .is the poor distribution of health care resources. Rural, isolated, and
sometimes even parts of large cities, only have limited access to medical personnel and
resources. On the other hand, some areas may be plagued with an overabundance of
physicians, particularly specialists. The responsibility of the public in the current situation
cannot be neglected. Inefficient use of available resources makes health care systems very
costly.
The proposed system can play a vital role in helping to address some of the problems
concerning health care delivery in developed countries. This unique global information
system will be a medium for providing telemedicine.

From the point of view of the

individual end-user, the system will provide a more efficient means of distribution and use
of the available resources. By giving the user access to instantaneous information about
clinic and hospital location, physician availability and cost of services, the user will be able
to make better decisions about where and when to go. In addition, by giving the user access
to basic medical information about certain ailments or medical problems, and even direct
links to actual medical providers, they can avoid having to make unnecessary trips to the
hospitals or clinics thus saving time and money.
An interesting application for the individual end user is the possibility to have full-time
direct connections with a medical center or hospital. A hand-held device, like a wrist
communicator, will be able to monitor the health of the user and directly send an alert
signal and relevant emergency information to the medical center in case of an incident.
With respect to medical education for health care providers, a global information system
may play a significant role in providing easy and efficient access to a complete data base,
which contains all the important medical information about the subscriber.

Medical

education for students can be facilitated by allowing the student to obtain medical
information on demand regardless of his/her location. They will also have better access to
human resources by allowing them to directly communicate with their professors from any
remote location. Medical education for health care providers will also be improved in a
similar way.

In the current situation, many health care providers have difficulties in
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obtaining adequate training at reasonable costs because they cannot readily access locations
where classes may be available. This system can easily accommodate distance learning for
medical education while at the same time allowing access to stored data . An important area
of health care education is how to educate the public. This mainly concerns the provision of
important health related information to the end user, especially about epidemic or any other
potential health hazards. Appropriate warnings and medical advice, as well as critical
information about major diseases, will be provided in the future using the global
information infrastructure.
Less developed countries have very unique issues that need to be addressed with respect to
health care. Many rural areas have very limited access to even basic health services and
often, even if they are available, the quality is not optimal.

In this case telemedicine,

provided by the system will be able to "virtually" link local clinics to major hospitals, so that
consultations can easily be performed.

GIS (Geographic Information Systems) will be

invaluable to managing the health care delivery in vast and sparsely populated regions.
People in non-urban areas tend to be less educated and are often not aware of basic health
care issues, especially issues regarding hygiene and prenatal/post-natal care. The proposed
system will provide individuals and communities with the necessary information.
Education
Education means to provide knowledge and information, which is useful for the day to day
life in a society, to other people. Educational information must be available to anyone,
anytime and anywhere.
In today's society, science and technology are highly developed, and are the basis for
improving life on Earth. Terrestrial networks can provide information only in countries
where the necessary infrastructure is available. However, people who are living in less
developed countries or remote areas often do not even have access to basic information.
Space based systems, such as the proposed global gee-information system can help to
disseminate information to remote areas that are otherwise difficult to access.

Such

geographically isolated areas, that also often lack the minimum infrastructure for
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transportation, are at a greater disadvantage because communication between people is
very difficult.
Less developed countries need to improve their communication infrastructure, but often for
financial or political reasons the intended improvements cannot be realized .. Education is
very important for everyone, but especially for the people living in less developed countries
for it allows them to improve upon their situation [ISU 1994]. In many of these places,
literacy is still significantly lower than in developed countries. Satellite communication
networks offer cheaper services than terrestrial networks to the user for he / she does not pay
for the distance between the transmitting and receiving station but for the time of the call.
Thus a gee-information system which provides information about resources, disasters,
health and other Earth related topics, can be helpful to improve education in rural and
isolated areas.
In developed countries, the situation is different because the infrastructure for information

exchange already exists. As the desire to gain new knowledge is a basic need of human
nature there are many ways to satisfy it such as with books, newspapers, radio, and
television. Individuals prefer to identify what kind of information they need and be able to
control the quality and contents of the requested information. They continuously look for
new kinds of information in order to gain satisfaction. In these regions the system can help
to provide education at horne, instead of classroom education. This will help to decrease
transportation problems, especially in large urban areas.
In today's society, science and technology are highly developed, and are the basis for
improving life on Earth. Terrestrial networks can provide information only in countries
where the necessary infrastructure is available. However, people who are living in less
developed countries or remote areas often do not even have access to basic information.
Space based systems, such as the proposed global gee-information system can help to
disseminate information to remote areas that are otherwise difficult to access.

Such

geographically isolated areas, that often also lack the minimum infrastructure for
transportation make communication between people very difficult. MISSION is designed to
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help overcoming the identified problems and provide geo-information to all location on
Earth.
Culture

Cultures are developed out of the unique environment in which they are created. Needless
to say, the protection of national culture is of great importance. Sometimes a nation or
community with a different cultural background excludes other cultures because of the fear
of being influenced by them and the risk of losing its own authority and identity. It is
understandable that globalization causes more homogeneity. Nevertheless, nations should
try not to become isolated from the global information society.

There may be many

different philosophies which are hard to accept because of ideological reasons. But for the
21st century, the global community has to solve the above mentioned issues. The proposed
system may play a vital role in the resolution of ideological problems by bringing people
together through the exchange of information on a global basis.
9.4.2

Personal information sector

Day to day living

"640K ought to be enough for anybody." --- Bill Gates, 1981
Today a person's environment is clustered with things which were considered to be a future
"project" ten years ago, a vision 20 years ago and science fiction 30 years ago. We live in the
future of the past and we are the past of the future.
Information will be extremely important for the day to day living, for most people will earn
their living directly or indirectly from information. Buying and selling information, finding
rare information (if it is only to find out the information, where to by the cheapest, best and
fasted individual vehicle) will be a major part of every day life.
Two types of information flow can be distinguished:
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•

information about another person : This kind of information should be more
difficult to be obtained. People will have their "information for everyone" folder
open on the net and depending on the privacy of the information, different
layers, filters and codes will be applied which will allow others to get access to
the personal information, either on the business level or on the private level.

•

information about an object : For example, if a person wants to buy a new music
sound system, then he/she "asks" the system about the choices and the prices
and where to get it.

The percentage of face to face communication and by phone will decrease and the use of an
electronic assistant for communication will become a daily routine.

Physical contact

between humans will decrease and might not even be appreciated anymore, if society really
changes into this direction. People will stay in contact with each other mostly through an
electronic interface.
The day to day applications of the proposed system may cause many problems. Especially
the tracking and surveillance of persons through transmission and downloading of
information might become a serious problem. What does information downloading and
transmission mean? It means that, when a person utilizes his/ her electronic terminal and is
linked to the network, he / she can be tracked or surveyed. Software to protect people from
electronic surveillance has to be developed. The "Personal Data Assistant" will check the
communication link for surveillance and warn the user.

C>
Surveillance program

Figure 9.3

Anti-surveillance program

Surveillance detection methods
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Such systems will be comparable with the today-existing computer virus and its anti-virus
scan software for protection.
In the future our main daily task will be information management. But will people who are

busy with accumulating, disseminating and organizing information, still have time to think?
-If one stops thinking, the person will be unable to create his/ her own filter for information

and thus become an easy target for propaganda, manipulation and abuse, especially if the
marketing of products develops more towards selling a certain vision of a product. One
question will always remain: Where is the border between humans and computers, when
the "Personal Data Assistants" become more and more parts of ourselves?
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Where is the border?

News, Information and weather
Humans are becoming increasingly dependent on various types of information. Those that
are of particular interest to individuals on a daily basis include immediate local and world
news, local weather conditions and information needed for daily living. Each of these
categories will be addressed separately.
People are always interested in the environment around them. Local news is of particular
interest for some because it is close to home and may have direct impacts on their life.
Regional and national news is of great importance to most people because issues on these
scales have repercussions on higher levels and may affect a larger number of people. People
are also just interested in the events occurring in their country or around the world because
they want to be up-to-date. Still for others, it has entertainment potential. But regardless of
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the reason for wanting to know about the latest news at all times, it is important for most
people that they do have access to such information.
Traditional methods such as through newspapers are still the most common, but it can be
anticipated that this will change. The general trend in society is a gradual decrease in the
use of "hardcopy" paper documents and a parallel increase in the use of electronic
documents. Newspapers have the limitation that it generally can be updated only once a
day. Delivery is also an issue which is not so easily addressed, particularly for remote areas.
For an end user, instant and full-time access to up-to-date news information would be of
great interest. Currently, such up-to-date in formation is only available through television
and radio, particularly through special channels such as CNN. The Internet also provides
easy access to daily news, but as with newspapers, it is generally only updated once a day
and the coverage may sometimes be limited.
The MISSION system will give the user full-time access, anywhere in the world to news
from anywhere in the world. Depending on how fast the news is updated at the data
center, the news will be as up-to-date as it can possibly be.
Every day, people are dependent on different types of information. Some of the ones that
are used most often include information about bus/ train schedules, movie or theater time
and ticket availability. Rather than having to search for various sources for different types
of information, this system will be able to provide a centralized point where all types of
information can be accessed immediately. A connection to the Internet, for example, would
expand the scope of the types of information that can be accessed.
Everybody is interested in weather.

Immediate access to weather information that is

continuously updated for a particular region would be invaluable to many. Up-to-date
weather forecasts are likely to be important for those that spend much time outdoors or in
planning events that are dependent on the weather. Today, often inaccurate weather
information is available through newspapers, television, radio and the Internet.
Unfortunately, there is a limitation with respect to the availability and the coverage. It is
difficult to obtain weather information that is both up-to-date and accessible at any time.
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Furthermore, it is even more difficult to get weather information about regions other than
the area where a person is.
The MISSION system can easily solve all of these problems by providing the user with fulltime, up-to-date, globally accessible weather information about any region of the world.
Although weather information of this type is invaluable for governments and industries as
well, individuals also have a great need for it.
Entertainment and travel

Travelers will also greatly benefit from the implementation and use of this system. It will
provide tourists quickly with current maps, public transportation information and phone
book information for cities worldwide.

This system will facilitate planning and

coordination. The proposed system will help to insure that traveling will become more
enjoyable and it will help to enhance a person's productivity while in transit.
This system will also provide access to movie and theater schedules in addition to
coordinating one's locale with that of the desired location and providing the best route to
take in order to reach the ultimate destination. Restaurant and hotels maps will also be
invaluable to tourists visiting a new place. Imagine traveling to a new city and having all
the necessary information immediately available upon request!
Travelers to remote or treacherous areas will be especially assisted by this device. People
will no longer get stranded in a remote location because they will have access to public
transportation schedules and information as well as taxi cab companies' phone numbers, for
example.
Hikers will also find this service invaluable as it will allow them to obtain their exact
location, warn them of imminent dangers and allow them to send out a distress signal and
call for help when necessary.
With this system, drivers who become snowbound and lost will no longer face the risk of
freezing to death before help arrives. The driver can alert local authorities or rescue units
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and provide his/her exact location. This will be especially useful in mountainous areas
where sometimes roads are lightly traveled if at all during winter months.
9.4.3

Commercial sector

Transportation

The MISSION system, with its combination of remote sensing, GPS and Data and
Information Management Center (DIMC) data, will be of great value to industry. This
system will incorporate weather, traffic, and construction information along with
positioning and tracking - information in an attempt to improve the driving conditions in
dense populated cities and remote countryside.

ORBCOMM, a satellite system

manufactured by Orbital Sciences Corporation and providing near real time global wireless
data communication services, is already in use. ORBCOMM's major application market is
comprised of remote energy locating, marine messaging and tracking, trailer tracking and
governmental applications [ORBCOMM, 1997]. Our new system can be used for the fleet
management of trucks, buses, trains, ships, taxis, planes and any other cargo and/ or
passenger-carrying platform. This service will allow the company owners to maintain a
watchful eye over their valuable cargoes by means of the electronic data interchange. With
this system it will be possible to trace the course taken by the transports and also to avoid
unforeseen delays.
This system will also allow truck drivers to have direct contact with their home stations in
case of emergencies or distress. Another beneficial application of this system will be the
ability of trucking company owners to predict the time necessary for deliveries and estimate
the cost of each trip. MISSION will also provide monitoring of trucks (or ships) carrying
toxic, nuclear or chemical waste across state or national borders, especially important in
adhering to the international treaties of Europe.

Trucks will be tracked by their

corresponding identification numbers and by way of MISSION's versatile messaging system
instantaneous course updates can be made.
The MISSION product will provide real time geo-information and allow for instantaneous
updates of commuter bus schedules, minimizing the waiting time of its passengers. It will
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also aid in keeping with the strict timelines of the public transportation industry by
providing updated traffic reports to the bus drivers.
lhis service can be used by train conductors to pinpoint their exact location and to provide
this information to other trains in an attempt to minimize disastrous collisions between
multiple trains. The tracking and status of cargo transported by train will also be important
to products' senders and receivers.
Ships can utilize this system for navigating in the open waters because it can combine
nautical charts with current weather information and determine the safest and most timely
course for the ship to take. It will also provide port and dock operators with the exact
arrival time of ships in order to reduce waiting and overlap. MISSION can also be applied
to follow fishing fleets, in order to discourage over fishing in restricted areas. MISSION will
assist fishing boats in finding where schools of fish are located and then direct them wish
the most effective route to take to reach the stockpile of fish.
Taxi cab operators and dispatchers will use this device to simplify the logistics of sending
the closest cab to pick up a customer and of getting their customers to their final destination
in the most cost and time effective manner.

With this system traffic accidents and

construction site can also be avoided.
This system will aid in the coordination of the ground elements working with the airlines
such as catering services and luggage handlers. Air traffic controllers can also use this
system to organize and map out airplane taxiing and landing patterns.
Rental agencies can employ MISSION to keep track of their mobile property such as cars,
boats, jet skis, snow mobiles and bicycles.

lhis system will provide current position

information that will greatly reduce the number of stolen or missing items, thereby saving
the companies a considerable amount of money.
9.4.4

Resource management

Energy
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Population growth and economic development have lead to an increase in consumption of
natural resources including water, food stocks, minerals, oil and gas.

Environmental

pollution, deforestation, desertification, global warming and ozone depletion strongly affect
the distribution and quality of the remaining natural resources on Earth.
A Kenyan proverb says: " Treat the Earth well. It was not given to you by your parents. It
was loaned to you by your children."
If we want future generations to survive on our planet, we need to improve our

management of resources. How can MISSION help?
MISSION, the global gee-information system, can be the basis for a new resource
management system. First, let us consider the resources needed to sustain life on Earth:
these are energy, air, water, food.
Energy can be produced in many different ways. Water, fossil fuels, wind, solar power,
atomic processes like fusion and fission, heat from the inner part of the Earth just to mention
some of them.
The major part of today's energy production is done with fossil fuels, which include coal,
petroleum and natural gas. Coal has been formed and is still forming today in swamps. Oil
and gas are forming in organic rich sediments in marine basins and coastal zones. As these
processes are extremely slow compared to the current rates of consumption- fossil fuels will
probably be depleted. To estimate the time remaining before humans will exhaust fossil
fuel resources, we must estimate both the amount left in the ground and the probable future
rates of consumption. Up to now, one estimation method for future fuel consumption is to
use past patterns to predict future trends. Prediction show that sometime in the next 10 to
35 years, petroleum supply will be insufficient to meet the demand. About 27 billion barrels
of recoverable oil remain in known oil fields.

How much oil lies undiscovered? The

discovery rate of new wells has declined in recent years and for every meter of drilling, we
now find half as much oil as we did in the 1950s. Estimation of undiscovered resources
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have lead to the assumption that oil will be available until 2025, if the current consumption
rates remain constant.
Additionally, the consumption of natural gas has shown a significant increase in the last
years. Natural gas is extracted as a nearly pure compound and then releasesno sulfur and
other pollutants when it burns and has therefore become very popular. Reserves might last
for 42 to 77 years.
Coal exists in many parts of the world and is predicted to remain available until 2200.
However coal cannot be used directly in conventional cars.
Fossil fuel extraction and refining are potential causes of environmental problems. For
example the extraction of oil in fragile environments like coastal zones and the arctic tundra
can cause severe damage to the environment. Broken pipelines, tanker accidents, blowouts
due to excess pressure and other technical problems may cause to oil spills and fires. When
these accidents occur on shore, they can destroy small areas of farmland but do not
necessarily affect entire ecosystems. When accidents occur at sea, millions of barrels of oil
can be dispersed throughout the waters, thus poisoning marine life. Up to now significant
oil spills have occurred in all offshore drilling areas.
MISSION can help to find new fossil fuel sources, new drilling sites for oil and possible coal
mining sites by monitoring the composition of soil with the aid of Earth Observation data
and a GIS database. The database can provide the necessary information to the responsible
government of the country and can also help to make forecasts of the availability of the
resources in the future. Thus the government can plan the consumption of the fossil fuels
and how much energy has to be produced from other sources.
Fossil fuels are non-renewable resources and nuclear power plants can partially replace
them.

MISSION can help to monitor the status of nuclear power plants and provide

efficient aid in the case of an accident.
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Fossil fuels and fusion-driven nuclear reactors produce most of the energy in the
industrialized world and are therefore considered to be the standard sources of energy. All
other energy sources are called alternative energy resources like solar energy, wind energy
and water.
If a river is dammed, the energy of water dropping downward through the dam can be

utilized to produce electricity. This is called hydroelectric energy. Hydroelectric generators
supply between 15 and 20 percent of the world's electricity. It is clean and renewable.
MISSION can provide information about rivers and other water resources with respect to
water level, seasonal changes and water quality to help with the choice of new building sites
for dams.
Hot ground water can be used to generate electricity and it can be used to directly heat
homes and other buildings. This geothermal energy produce at least 2200 megawatts per
year only in the United States. The major problem with the current methods of extracting
energy from the Earth's heat is that they work only where ground water is naturally heated.
Only a limited number of such wet sites exists. MISSION can help to find new ones with
the information stored in the GIS about soil quality and temperature.
Another method to produce energy is energy from wind using wind mills. MISSION can
provide data about wind speed and wind patterns.
Water
Water, although we seem to have plenty of it, will become more and more a scarce resource,
due to the increase in pollution. Without water, life will not be able to continue to exist.
The oceans of the Earth provide major parts of the food chain. Because of pollution it has
become necessary to monitor ocean biology. Such measurements can be carried out with
remote sensing satellites, which determine the ocean color [CEOS report, 1995].
Measurements of ocean color provide information on all biological parameters of the ocean,
in particular the quantity of phytoplankton, which forms the lowest level in the food chain
of the oceans. Additionally, it plays a major role in many geochemical processes, especially
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in the carbon cycle. Ocean color measurements cannot only be used for determining the
health of phytoplankton but also for the identification of features which indicate coastal
erosion and sediment transport. With the remote sensing satellite constellation MISSION
can provide data about the relevant biological parameters on a global continuous basis and
thus may help to better manage and exploit these resources.
Additionally, the system will allow the determination of water quality, which is important
for the water supply in all countries.
For the Earth's climate system, ocean circulation is very important because the ocean
currents move energy from the tropical regions towards the polar regions, thus moderating
the climate. The SAR and altimeters on the proposed system will be able to measure the
ocean topography thereby making it possible to deduce the circulation.
The SAR on-board the MISSION spacecraft will provide measurements of ocean wave
heights, which is very important for disaster relief. Combined with the information on
wind speeds and surface temperatures, the system will make a forecast of the behavior of
ocean waves. These kind of forecasts are of interest to a large variety of marine and coastal
activities, such as shipping, off-shore drilling installations and coastal protection industries
[CEOS report, 1995].
In addition the SAR payload on the remote sensing satellites will be used for pollution

monitoring, including oil spill detection, ship detection for rescue services, port authorities
and customs and immigration. Coastal changes can be detected through monitoring of
topography including ocean bottom mapping, which is important for resource exploration.
Sea ice monitoring is necessary for the northern sea routes and for the determination of sea
level. A decrease in the size of the polar ice caps due to melting because of the global
warming will lead to an increase in sea level which might cause flooding and changes in
coastal areas. Some coastal regions would completely disappear if the sea level rises. To
avoid disasters, the system can frequently measure the size of polar ice caps and determine
the sea level.
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In conclusion MISSION will be very helpful in monitoring the quality of the water resources

as well as ocean s·urface conditions that are important for disaster warning.
Atmosphere
The atmosphere, the very fragile and thin shield which protects life on Earth from the
hostile space environment, has been strongly affected by pollution due to the burning of
fossil fuels and other industrial activities.

Continuous monitoring of the atmosphere

including the ozone layer has become a necessity.
The proposed system with its SAR, visible and infrared sensors on the remote satellites will
determine cloud patterns, cloud types and cloud top-temperatures. Clouds are the best
indicators of the different atmospheric processes and monitoring cloud cover provides the
fundamentals for forecasts and climate models.
Additionally, MISSION will measure the atmospheric temperature.

These data are

important for a wide range of modeling processes of atmospheric circulation and for
identification of correlation between atmospheric parameters and climate change.
In the data management center the atmospheric parameters measured by the proposed

system can be combined with data from other satellite missions and ground-based as well
as airborne measurements (for example ozone monitoring, aerosol measurements
atmospheric humidity and others) to a global GIS to create global climate models for better
predictions.
Agriculture and food stocks
The rapid increase in population growth demands an improvement in the management of
agriculture and food stocks. Changes in land cover and land use are important for the
global environmental change and have significant impact on the Earth's ecosystem. Soil
that is permanently used to plant the same crop will not be usable anymore after several
years. In less developed countries such areas are often abandoned and new areas are
exploited for agriculture.
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The proposed system can provide images can be used to assess crop condition and to make
yield forecasts. The information can then be used to better manage storage, transport and
processing facilities. Satellite data from MISSION can be used for plague control. The
information allows the identification of the growth rate of the vegetation in areas which are
susceptible to certain locust swarms and to prepare to take the necessary measures.
Droughts can be predic~ed by measuring the soil moisture and compare it with GIS data of
the yearly precipitation rate. In addition creation of a global index of vegetation will also
allow the investigation of the effects of changes in vegetation in relation to hydrology.
The system will help to better manage the remaining food resources by providing the basis
for the calculation of fertilizer, determining the evaporation rate and forecasting of
droughts.
Food stocks encompass fishing grounds that have become rare in the last years. New
fishing grounds have to be found. MISSION can help by providing the necessary data
directly to the fishing vessels.
Forestry
Deforestation has become a major concern to humanity. Its impact on the ecological system
is up to now not fully understood. The burning down of rainforests to get new farmland
can probably be avoided by a better forest management.
The proposed system can help to provide data to local authorities about the development of
the forest and its surroundings. These data may be used by the government to offer
farmland to the poor population in regions where it is available and thus to protect the
rainforest. The protection of the rainforest is one of the major interests of humanity, as it
contributes to our climate and to the oxygen supply of the Earth's biosphere.
MISSION will create new markets. It will help to manage the scarce resources on Earth and
preserve and help to improve the conditions necessary to sustain life on Earth.
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9.4.5

MISSION scenarios

Disaster along the Oder
"As disaster strikes in the form of heavy rains and floods along the Northern banks of the
Oder river, MISSION has begun to provide essential information services to relief workers
on the field. Over the past two weeks, record rain and floods have swamped extensive
regions of Poland, Czech Republic and Germany. Hundreds are injured and thousands are
homeless as waters continue to rise, and unwanted lakes impede the transit of rescue
vehicles to and from the affected areas.

One meter resolution satellite imagery from

MISSION's LEO satellites is being updated every 45 minutes to provide ground units with
detailed information of access routes to isolated areas. Tracking of relief vehicles is being
used by relief operations managers to control the deployment of rescue teams from one
region to another as needs arise. Furthermore, MISSION's telecommunications system is
being extensively used to compensate for the destroyed terrestrial and cellular phone lines.
A small success story

In the small town of Wroclaw, Poland, several citizens relayed information to rescue teams
on the location of a disappeared school bus that was on a field trip to the local forest. One of
the parents homed in on his daughter's wristwatch tracker and managed to pinpoint the
location of the bus to within 5 meters. However, the bus was buried under 3 meters of mud
and stones. Relief teams immediately dispatched a UAV to provide continuous coverage of
the area. Live video transmission was used during the evening and SAR as the night
advanced, to offer rescue teams with a bird's eye view of the mountainous area and guide
them to the faint source of the tracking signal. Infrared signals of the school bus engine and
children were detected just three hours after the first distress signal was received. Luckily
enough, none of the 35 children were seriously injured and only 6 were diagnosed with
mild hypoxia, and one with a bad case of swollen lollipop.
As relief efforts continue, satellite imagery is being stored and compiled to assist the
different governments and insurance companies with the evaluation of the extent of the
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economic damage. Payments to individual citizens and companies in the area are expected
by early next week, when rains begin to recede and people return to their homes."
Japan World Cup championship
"Japanese security forces have jumped on the wagon of 21st century tecliDology as the
biggest ever World Cup Championship takes off next Sunday evening with one of the most
anticipated matches of the year: Brazil-Kenya. Police around Tokyo Olympic Stadium and
other sites across the country have been issued MISSION handsets that serve as: personal
trackers (connected to a central security information center), video receivers (receiving realtime, high-resolution images from long endurance solar-powered aircraft hovering over
Tokyo bay at an altitude of 30 Km) and mobile telephony hand sets (replacing the standard
two-way police radio). Furthermore, security cameras in all stadiums will broadcast their
digital images to the central security information center via a direct satellite link to the MEO
constellation.
Airports, train stations, bus stations and highways are also monitored using an automatic
traffic monitoring system that tracks moving vehicles and obtains information on a specific
vehicle based on operator requests.

Several tethered balloons have been deployed to

provide continuous real-time coverage of the major traffic areas. Police officials state that
this has improved security in general, and has eased traffic congestion near the most
problematic spots.
On a humorous note, local souvenir vendors are making an extra profit by selling highresolution airborne photographs of stadium crowds to fans trying to identify themselves in
them.
Global forestry management
In the framework of the United Nations sustained development programs, Brazil and other
logging countries have opened their timber reserves to commercial loggers in a project that
attempts to combine economic potential with controlled environmental development. This
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follows recent reports of increased illegal logging in the Amazon basin, the Northern
territories of Canada, Scandinavia and Russia, amongst other countries. These reports have
been substantiated by satellite imagery obtained by MISSION and other RS systems. The
government initiative intends to protect the major natural reserves from such illegal
activities while providing economically viable solutions and creating work opportunities for
regions with low income levels and high timber reserves.
Forest management agencies will use low-cost RS imagery provided by MISSION to control
the logging companies. Images will be updated every hour to monitor the day-to-day
activities.

Furthermore, tracking devices will be installed on all vehicles and ground

personnel involve in logging operations. Forest reserve databases will be update in near
real-time, and the information will be stored for later access by forest planners. Access
roads leading into the forested areas will also be under strict control in order to limit their
impact on the local environment.
Taxes received from timber sales will be used to protect, monitor and expand natural
reserves in each country.

9.5

Conclusion

Many information related needs of today's society are not covered by the existing
technology. The major need is to provide access to information to every human on Earth
anywhere and any time.
MISSION is designed to provide the required information to governmental, private and
commercial users. New end user equipment has to be developed to ensure a reliable and
quick reception and processing of data. The proposed end user terminals have a major
impact on the kind of services provided and these services strongly influence the future of
the information society. It has been shown how MISSION can support to solve problems
related to disaster relief, transportation and fleet management, resource management and
education in developed as well as in less developed countries.
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MISSION, the new space-based geo-infonnation system, will help to sustain life on Earth in
the future information age.
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10.1

Conclusion

MISSION is a response to the gee-information needs of the global community. It comes at a
time when society is entering the adolescence of the "information age." The MISSION
system is designed to service the individual and collective information needs by providing
the right information, at the right time, anywhere in the world. What makes MISSION
unique is its capacity to combine telecommunications, data collection, remote sensing,
global positioning, and geographic information systems to deliver value-added products
and services directly specified by the user.
MISSION addresses the strategic needs of society regardless of cultural, linguistic and
regional differences. It does this while offering a New Space Market that brings new
breadth to the current space industry environment. In a few words, MISSION fuses space
and the information revolution at a time where space is at a critical crossroads as we enter
the new millennium.
The success of MISSION is guaranteed in the fact that its system gives society a new costeffective tool that provides: global coverage, mobility, interactive products and services,
rapid response to any geographic or logistical contingency, quick and efficient decision
making, and gee-temporal-spatial information at all times. This is why MISSION will
capture future markets.
This endeavor by the masters students of the International Space University is only the first
step toward a viable commercial concept. It offers a broad glimpse at the characteristics of a
multimission information optimized network.

The design itself will require further

detailing and a rigorous technical scan. The market analysis will need the input of qualified
market experts who will have to carry out a thorough study of the potential markets for
such a system. Furthermore, a study should be performed to gauge the interest of potential
investors.
MISSION would have to create its own market niche and face the competition from other
commercial space ventures such as SPOT, EOSAT, IRIDIUM, GLOBALSTAR, TELEDESIC,
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and ORBCOMM.

An essential ingredient to MISSION's success will be a commercial

approach that combines business skills and market savvy with space and information
technology. Another important aspect will be how well the legal and policy aspects are
tackled.
The institutional framework of MISSION proposes a new paradigm in business
organization:

an international organization that partners commercial companies and

governmental agencies in a new realm of international cooperation.

This structure is

designed to foster a strong business initiative coupled with an efficient service to humanity.
Access to as many countries as possible will be provided to minimize licensing problems
and ensure global, non-discriminatory, full-time access to MISSION's customers.
An intensive, well-planned promotion campaign would have to be carried out to provide
potential investors and end users with a distinct image of what MISSION is, and what it can
do for them.

MISSION's potential should be expressed with great clarity to give its

customers a better perception of how its products and services can work for them.
The implementation of a new global system would require coordinated action at a global
level. The ground work for this international initiative should be prepared well in advance,
and executed with utmost care. A sustained effort, over the next 10 to 15 years, will be
critical to MISSION's success. As MISSION grows, so should its technical capabilities and
its applications spectrum.
MISSION is also unique in its design process. It addresses the issue at hand from an
interdisciplinary perspective, dealing with such diverse topics as engineering, design,
management, financial, societal, legal, and policy issues. Thus, it is a systems approach
taken to a higher level: the main components of the MISSION concept are a reflection of the
major issues in society (law, culture, territory, people, etc.).
This report is the result of a few weeks of intensive work by an interdisciplinary class of
students from 23 different countries. It has been a challenging, student-led effort. Now it is
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time MISSION left the classroom to become a visible reality and face the harsh environment
of global commercial competition.
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Introduction
The purpose of this chapter is to propose the ideas and options which should be considered
in the next phase of definition of the MISSION study.

LEO
Rather than including the low data rate communication link payload for data collection on
the MEO satellites together with GPS and Broadband telecommunication payloads, an
alternative is to put the low data rate communication payload on the LEO satellites. During
the design process, this option was not considered because it was assumed that the payload
would have the primary purpose of transmitting the navigation information of the GPS
handholds. It was also assumed that the telecommunication payloads have higher power
and mass requirements which are not compatible with the Remote Sensing payloads, SAR
and optical payloads, in the system. Following some analysis of the Argos and Orbcomm
systems, it was realized that these assumptions do not hold and that it is actually a good
idea to combine this type of payload in a LEO segment. The reasons for this are as follows:
•

This payload in LEO could reduce the power requirements both for the satellite
and for the ground terminal compared with those of MEO.

•

This payload in LEO may also lead to a reduction of the launch costs

•

As the power and mass requirements for this payload are very low, this
eliminates the compatibility problem with the RS payload

•

The number of satellites in our design in LEO is almost double that of Orbcomm
which could provide better performance, thus giving an performance advantage.

•

Easier to be combined with remote sensed images which will help in the
calibration of the remote sensed data

•

Greater coverage than those of similar systems like Orbcomm

•

This will also be another source of revenue of our system

It will be necessary to address the following key issues in more detail before this payload is

added to the LEO satellites:
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•

First, is there a market? The answer is yes. It is evident that demands for
environmental monitoring, cargo tracking, remote monitoring and controlling of
pipeline, industrial and agricultural equipment etc. exist.

•

Second, is it necessary to put this payload into our system? Although the market
is big, it must be realized that there already exists several systems or proposed
systems for this service, e.g. Orbcomm, Argos, Final Analysis. Additionally
several big LEOs · which are categorized as Global Mobile Personal
Communication via Satellite(GMPCS), i.e.

GLOBALSTAR IRIDIUM, ICO,

ODYSSEY, will also cover this service. Some companies, such as Eagle Eye
Technologies, have already provided value added services to the end user by
means of their miniature devices for sending and receiving messages, which can
be used for locating people, especially parolees, track assets and E-mailing. Their
transceivers are compatible with GMPCS but presently communicate with
existing systems like US Navy LEO satellite. To answer the question, we need to
start another round of market analysis before implementing a design for the
addition of this payload.
•

If the market analysis results show that there is a market for such a system, then

the following questions need to be answered: what are the legal and regulation
constraints with respect to spectrum allocation and data management? What is
the relation with Data and Information Management Center? What is the cost for
adding this payload? What is the predicted revenue and what is the impact on
our

busine~s

plan? It is recommended that these be addressed in detail in the

future.
Targeted Services
The payload should be designed to be simple but versatile. The possible services of this
payload include data collection, messaging, emergency voice etc..

The user can send

information in the form of direct two-way messages, e-mail and data packets to even the
most remote locations. To be combined with our GPS receiver, the payload will help our
GPS user to transmit their location back to the data and information center. The data
terminals can also transmit back their locations automatically. Some specific services are
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environmental and industrial monitoring, law enforcement, electronic data interchange,
personal "keep in touch" travel messaging, Internet e-mails, search and rescue etc ..
Payload design

Based on the study of the Orbcomm system, the parameters of this low data rate payload are
illustrated in the table below:
Table A.1
Mass

10 Kg

Payload characteristics
Power

120W

Frequency

Number of

Number of

Other

Transmitters per

Receivers per

parameters of

Satellite

Satellite

Platform

6

9

Same as AS

VHF, UHF

The payload should be designed to support dynamic activity assignment which will
optimize spectrum sharing with existing users of the radio frequencies. The required data
rates are:
•

Uplink: 2.4 to 4.8Kbps

•

Downlink: 2.4 to 4.8Kbps

However, according to the current MISSION business plan, the LEO segment will be set up
after MEO segment. Therefore at the beginning of MISSION project, it will be necessary to
lease this service from existing systems.
Another option for the LEO constellation is to study the impact of the new propulsion
technology, and particularly advanced electrical and ion propulsion systems. Currently,
there is still no foreseen propulsion technology which will enable the satellite to have
enhanced maneuverability and to meet the lifetime requirement which can also meet the
cost constraints that have been imposed Once ion engine or advanced electrical propulsion
technology is developed to allow this maneuverability, the number of the satellites
necessary in LEO to meet the system requirements will be reduced. It is expected that this
study will focus on the specific impulse and propellant mass necessary to fulfill a certain
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amount of !::.V within the lifetime requirement. As this report is addresses a 15 year period,
there is still a possibility to have this technology.

GEO
At the moment, there is only a TDRS payload on our GEO segment. At the beginning of our
design, meteorological and direct satellite television broadcasting payload were also
considered. The meteorological payload was not addressed further because it was realized
that this market is almost totally covered by the existing systems. The broadcasting payload
which will provide DBS, DTH services was not included in the phase one design but could
be analyzed further on technical and market viability grounds for the future. In order to
provide integrated services in the future, these two services may also be considered after the
completion of the whole system. Additionally, the design of the current GEO segment is
composed of 3 satellites and 1 in orbit spare; since we want to transmit the remotely sensed
data back to earth through TORS in near real time, continuous mode, the number of the
satellites are relatively small compared to the large amount of data generated in the LEO
and airborne segment. The coverage of the GEO antenna beam may also may need to be
adjusted to achieve optimum coverage.
The on board processing capability assumed in LEO segment is ambitious and will also
increase the system cost dramatically due the large number of satellites. One of the possible
solutions is to study the operation plan and to address the following: Does MISSION really
need continuous data relay for global coverage? Can the satellites transmit the data when
we need it? Is it possible to get the image to the ground with some minutes of delay and
thus avoid using a large, expensive on-board computer? Is it cost effective, if we can build
up ground stations all over the world as opposed to using a TDRS-like system? Ultimately
the question is whether it is cost effective to use TDRS compared the other means such as
Inter Satellite Links or Ground network? Once again these questions should be addressed
in the next phase.

MEO
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In the current design of our MEO segment, there is no Inter-Satellite Link(ISL) proposed for
the broadband payload.

This is because the MISSION project will be operated by an

international organization with signatories all over the world.

These signatories will

provide the ground network which is believed to be more cost effective. However, further
study on the possible use of ISL within the constellation and with the satellites in GEO is
necessary. One of the design baselines this design attempts to adopt is that is will be
compatible with future GII(Global Information Infrastructure). GII was proposed by the
United States and agreed within G7 countries. Although the current system design is for a
Ceo-information system, we have to design it to be compatible and able to be integrated
with future global systems. The rationale being that Gee-information is only one part of the
information needs of the 21'' century. The Gee-information system will have to share the
same pipe with other information services in the 21'' century rather than using a dedicated
pipe. A more quantitative analysis of this issue is needed to be undertaken.

Other issues
New Technology
Technology is one of the main driving forces of space activities, and it is also one of the
main barriers. There is a section dedicated to the future of new technologies but the impact
of these technologies on the MISSION system have not been addressed.

The use of

nanotechnology, the advances in electrical and ion propulsion, the new solar cell
technologies and future materials will have an important influence on the satellite platform;
the use of electronically hopping or advanced cellular spot beam antenna, advanced
onboard processing & signal regeneration and dynamic rain fade compensation will also
exert important impacts on the telecommunication payload; the use of new network and
interface technology will improve the performance of the whole system, etc.. These issues
are to be considered in greater detail in the next phase of definition of the MISSION study.
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Applications and revenue estimations
Table 8.1

Potential customers, revenues and examples

APPLICATION

POTENTIAL

GLOBAL

EXAMPLES

CUSTOMERS

REVENUE

(please note that this list of examples Is NOT

ESTIMATES

exhaustive; It is meant to only give some Idea of

2014

the kind of applications possible)

PRIMARY MARKETS for the MISSION project
Everyday life (where

Private Companies

25B$

A tourist can get a printout of the streetmap of the

to go sight-seeing,

city he is going to and even call a taxi.

where to shop, where
to get taxi etc.)

Tourism/Rental

A person is planning to buy a music system. He

Companies

can survey the different brands /the market sitting
at home; he can take a good look at the different
designs, interfaces, specifications, prices etc.

Private Individuals

A person driving home from work can get
directions of how to avoid a traffic jam and get to
the nearest supermarket quickly.

Fleet Management

Private Companies

(aircraft , ships, cars

Government Bodies

and lorries)

Private Individuals

208$

Keeping track of I giving relevant directions as
needed to planes in air and ships at sea.

As a real life example, Hilton Hotels Corp. is using
GPS technology to track airport shuttle vans on
route to Hilton hotels.
Tracking

Private Companies

20B$

people/cattle/sheep

Government Bodies

of an accident (the friend of course will have the

etc.

Private Individuals

option of selective availability for privacy reasons

Tom looking for his friend to convey the message

and can switch off his transmitter when he likes)
Civil/Structural

Construction

Engineering

Companies

15B$

A construction firm building a dam or a bridge
needs information about the site topology and later
(during the actual construction) information about
the tiiValignment of the structure

Disaster Warning

Private Companies

10B$

Inform inhabitants in the villages/towns/cities in the

Government Bodies

Bay of Bengal of an approaching hurricane

Private Individuals
Cartography/Mapping

Private Companies

58$

A home delivery service is looking for information

Government Bodies

on traffic patterns of a city on holidays and working

Private Individuals

days.
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Regulation Monitoring

Private Companies

and Compliance

Government Bodies

Urban Planning

Private Companies

58$

Global companies like PEPSI Foods or Honda
looking for regulatory information in Malaysia

28$

A city municipality using gee-information to

Government Bodies

understand and regulate the growth at the city
suburbs etc.

A bank using gao-information to plan where to
open new branches as a part of their expansion
drive.
Private Companies

Insurance

28$

Your house got washed away in a flood; the
insurance company will need proof

Government Bodies
Private Individuals
Private Companies

Mining

28$

Mining companies looking for information that will
help them in m ineral exploration in different parts
of the world

T raffic Management

Private Companies

At the end of a mega-concert, we need a system to

18$

Government Bodies

direct/channel the traffic to ensure smooth flow.
Help people looking for parking spots in the cities.

Agriculture/Fishing

Private Companies

Vegetation/ Forestry

Government Bodies

18$

Warning farmers of a region about approaching
swarm of locusts.

Private Individuals
The government needs data to know the current
status of the health of the greenbelts in a particular
region
Precision Farming

Agrofarming

500M$

Agricultural engineering will make it possible for

Businesses

the farmer to sow his seeds for the next season at

Private Individuals

let's say a 5 centimeter offset as compared to the
last season to use the soil nutrients more uniformly

S E C
Meteorology

Tectonic Plate

0

N

DA

R Y

Private Companies

MARKETS
500M$

for the MISSION project
An individual wants to go on holidays and wants to

Government Bodies

know in detail how the weather is going to be in the

Individuals

next few days at his holiday resort

Government Bodies

100M$

The government wants to know well in advance
about an impending earthquake

Movement
Earth Monitoring

Government Bodies

20M$

The government of Morocco wants to go on a
green drive to plant more forests to prevent

(desertification etc.)

desertification
Environmental

Scientific

Modeling

Organizations

implement a resolution that says that the rate of

(ozone depletion etc.)

Government Bodies

increase in the ozone depletion will influence in a

20M$

The World Health Organization wants to pass and

logical way the environmental compensation that
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companies producing CFC (generating products)
have to pay
Search and Rescue

Private Companies

(leisure/sports/fisherm

Government Bodies

en etc.)

Private Individuals

Crime Tracking (car

Government Bodies

theft, tracking

Private Individuals

10M$

A trekker in the Himalayas has had an accident
and needs to be rescued

Install encoded transmitters in vehicles to be able

10M$

to track them in case of theft.

prisoners etc.)
Wildlife conservation

Government Bodies

SM$

Protecting an extinct species of storks by keeping

Environment Groups

track of their movements/migration

The revenue estimates given in the table above are not wild guesses. They have been
quantified based on certain premises. The rationale behind some of the applications is
detailed below:
•

Fleet Management. Going by the present numbers, we can reasonably assume
that by 2014, the number of objects (ships, aircraft, lorries, cars etc.) to manage
will be 100 million. Assuming 200$/ object, we get a revenue of 20B$ /year

•

Everyday life. As of today, the world population is in the range of 5 to 6 billion.
It will be safe to assume that in 2014, the world population might be around 8 to

10 billion. Furthermore, let's assume half-a-billion people will be using this
service. Now, let's assume each customer will pay 1$/ day and cumulatively pay
around 50$/year (differential pricing in different parts of the world). This
comes to a total of 25 billion $I year
•

Civil/Structural Engineering.

Assume 1 construction/ 50 people, 10 million

constructions every year all over the world and 1500$/ construction. Thus, the
annual revenue comes to $15 billion/year.
•

Disaster Warning. Losses in calamities (both natural and man-made) exceeds
1000 billion $ per year. If it is presumed that the affected parties will pay
1/ 100th of that amount to prevent the losses, the total annual revenue will come
to 10 billion$.

•

Urban Planning. If one considers 20 cities in 100 major countries, it leads to 2000
cities. Let's suppose that each city will spend 1 million $/year, and therefore the
total annual revenue will be 2 billion $.
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As one can obviously see, these above figures are conservative estimates. The total revenue
comes to approximately 110 billion $. We assume to capture 20% of this market which
amounts to 22 billion $.

Global Revenue Estimates (2014 A.D.)
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