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ABSTRACT
This report reviews the status of satellite communications systems and technology research and development
around the world, with particular focus on comparisons between the United States and other leading
industrialized countries. Topics covered include a review of market forces and future drivers at work in the
satellite communications industry today, key technology trends around the world, relevant policy and
regulatory issues including standards and protocols, and opportunities for international cooperation. The
report also includes site reports for visits conducted by the panel to leading research laboratories and systems
developers in North America, Europe (including Russia), Japan, and Korea. Additional material is provided
from secondary sources on relevant activities in Brazil, India, and Israel. The panel’s conclusions include
the following: (1) many European and Asian governments are maintaining or increasing funding of
commercial communications satellite R&D while the United States does not appear to be supporting R&D at
the level necessary to maintain its leading market share position in this growing business; (2) the United
States is the leader in the manufacture, insertion of new technology, and development and finance of new
commercial communications satellites, but crucial new technologies, systems concepts and regulatory
patterns will need to be developed to maintain this lead. Further, the United States now lags in the satellite
launch service area, and this must be viewed with concern; (3) commercial communications satellite services
are rapidly becoming a large and global business, increasing from $11 billion in 1992, to $20 billion in 1996
to a projected figure of $75 billion in 2005; (4) there is a critical need in the United States for long-term
satellite and high frequency research—the continued U.S. leadership role in this industry is dependent on the
creation of a strong, long-term R&D program to support future needs of new technology as the
communications capability of the satellites improves; and, (5) opportunities for international cooperation can
facilitate the global development of new satellite technologies, systems and standards. These and other
conclusions are reviewed in detail in the panel’s executive summary.
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PREFACE
In 1992 NASA and NSF commissioned a panel of U.S. satellite engineers and scientists to study
international satellite R&D projects in order to evaluate the long-term presence of the United States in this
industry. The 1992-3 study that resulted concluded that the United States had lost its leading position in
several critical communications satellite technologies. In the five years since that study, the satellite
communications industry has become an even larger industry than most had predicted, increasing from $11
billion in 1992 to $20 billion in 1996. Far from being supplanted by fiber or other communications networks
as some suggested would happen, satellite technologies and architectures are expanding as more countries
establish communications satellite capabilities. Thus, while it appears certain that satellites will continue to
play a crucial part in the transmission of information, the question remains whether the United States will be
able to keep pace with advances in especially Europe and Japan.
With the technological advancements of the industry and its worldwide growth, NASA and NSF
commissioned a panel to extend the scope of the earlier study and to include Korea in addition to North
America, Europe and Japan. Reports on the burgeoning satellite technology industry in Brazil, India and
Israel are also discussed in this study. I accompanied the panel on many of its site visits and was impressed
by the growth of the satellite industry that has taken place in the last five years. The international scope of
the industry is such an important aspect now that all concerned agreed we should title this report, Global
Satellite Communications Technology and Systems. The report also expands upon the 1992-93 study and
includes policy and regulatory issues that are becoming increasingly important to this global industry.
As with the first panel, the members selected for this study are experts in their fields, each having decades of
experience in satellite communications. Many of the panelists have participated in both studies and several
of the team were personally responsible for many of the pioneering developments in satellite
communications that made the United States predominant in this field for so many years.
The study team found that many European and Asian governments are increasing the funding of commercial
communications satellite R&D and are posing a serious challenge to U.S. preeminence in several important
areas. The United States continues to be at the forefront in the development of new technologies and the
manufacture of new communications satellites. Current levels of research and development funding do not
guarantee that this will remain the case. Similarly, the United States is no longer the major provider of
satellite launch services and there is a critical need for lower cost and more reliable launch vehicles. In
short, if the U.S. communications satellite industry is to remain vibrant, greater funding by both industry and
government will be necessary.
NASA certainly recognizes the role it must play in ensuring that the U.S. communications satellite industry
remains strong. This study is one means to help encourage and support the research and development of
technologies that are crucial to the U.S. aerospace industry. This report suggests, for instance, that there are
many opportunities for international cooperation and collaboration among government and industry. Such
collaboration is not only beneficial but will be essential to the continued strength and growth of the industry
in the United States. In recognition of the global importance of satellite communications, NASA took part,
in March 1998, in one of the first U.S. trans-Pacific experiments, an event that linked the continental United
States, Hawaii, and Japan. Similar experiments are planned in the near future. It is increasingly clear that
satellite technology will be a crucial component of communications architectures that will also include
wireless and fiber optic networks. Now that the satellite industry is truly global it is imperative that
networks provide “seamless” integration of services to the numerous users throughout the world who will
depend upon such services for everything from news gathering and education to medical diagnosis.
I wish to thank all of the members of the NASA/NSF Panel on Satellite Communications Technology and
Systems for their untiring efforts, especially considering their exhausting travel schedules. Their work on
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Preface

this report is, as you will find, truly impressive. We are especially grateful to the panel’s co-chairs, Joseph N.
Pelton of the Center for Applied Space Research at George Washington University and Alfred U. Mac Rae
of Mac Rae Technologies and the former Director of AT&T Skynet Satellite Communications Laboratory.
Paul Herer of NSF deserves special thanks for his invaluable assistance and his strong support. Very special
thanks goes to our report editor, Geoff Giffin, for his many constructive suggestions in the report
organization and his invaluable contribution in editing and correcting the report. Finally, I would like to
offer particular thanks to the ITRI staff at Loyola College. Their attention to the day-to-day details of the
study contributed greatly to the quality of the effort. In particular, I would like to thank Geoff Holdridge,
Cecil Uyehara, Aminah Grefer, Duane Shelton, and Chris McClintick for their support and careful
management of this complex project.
Ramon DePaula
National Aeronautics and Space Administration
Washington, DC
December 1998
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FOREWORD
Timely information on scientific and engineering developments occurring in laboratories around the world
provides a critical input to maintaining the economic and technological strength of the United States.
Moreover, sharing this information quickly with other countries can greatly enhance the productivity of
scientists and engineers. These are some of the reasons why the National Science Foundation (NSF) has
been involved in funding science and technology assessments comparing the United States and foreign
countries since the early 1980s. A substantial number of these studies have been conducted by the World
Technology Evaluation Center (WTEC) managed by Loyola College through a cooperative agreement with
NSF.
The purpose of the WTEC activity is to assess research and development efforts in other countries in specific
areas of technology, to compare these efforts and their results to U.S. research in the same areas, and to
identify opportunities for international collaboration in precompetitive research.
Many U.S. organizations support substantial data gathering and analysis efforts focusing on nations such as
Japan. But often the results of these studies are not widely available. At the same time, government and
privately sponsored studies that are in the public domain tend to be "input" studies. They enumerate inputs
to the research and development process, such as monetary expenditures, personnel data, and facilities, but
do not provide an assessment of the quality or quantity of the outputs obtained. Studies of the outputs of the
research and development process are more difficult to perform because they require a subjective analysis
performed by individuals who are experts in the relevant scientific and technical fields. The NSF staff
includes professionals with expertise in a wide range of disciplines. These individuals provide the expertise
needed to assemble panels of experts who can perform competent, unbiased reviews of research and
development activities.
Specific technologies such as telecommunications, biotechnology, and
nanotechnology are selected for study by government agencies that have an interest in obtaining the results
of an assessment and are able to contribute to its funding. A typical WTEC assessment is sponsored by
several agencies.
In the first few years of this activity, most of the studies focused on Japan, reflecting interest in that nation’s
growing economic prowess. Then, the program was called JTEC (Japanese Technology Evaluation Center).
Beginning in 1990, we began to broaden the geographic focus of the studies. As interest in the European
Community (now the European Union) grew, we added Europe as an area of study. With the breakup of the
former Soviet Union, we began organizing visits to previously restricted research sites opening up there.
Most recently, studies have begun to focus also on emerging science and technology capabilities in Asian
countries such as the People’s Republic of China.
In the past several years, we also have begun to substantially expand our efforts to disseminate information.
Attendance at WTEC workshops (in which panels present preliminary findings) has increased, especially
industry participation. Representatives of U.S. industry now routinely number 50% or more of the total
attendance, with a broad cross-section of government and academic representatives making up the
remainder. Publications by WTEC panel members based on our studies have increased, as have the number
of presentations by panelists at professional society meetings.
The WTEC program will continue to evolve in response to changing conditions. New global information
networks and electronic information management systems provide opportunities to improve both the content
and timeliness of WTEC reports. We are now disseminating the results of WTEC studies via the Internet.
Twenty of the most recent WTEC final reports are now available on the World Wide Web
(http://itri.loyola.edu) or via anonymous FTP (ftp.wtec.loyola.edu/pub/). Viewgraphs from several recent
workshops are also on the Web server.
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Foreword

As we seek to refine the WTEC activity, improving the methodology and enhancing the impact, program
organizers and participants will continue to operate from the same basic premise that has been behind the
program from its inception, i.e., improved awareness of international developments can significantly
enhance the scope and effectiveness of international collaboration and thus benefit the United States and all
its international partners in collaborative research and development efforts.
Paul J. Herer
Directorate for Engineering
National Science Foundation
Arlington, VA
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EXECUTIVE SUMMARY
INTRODUCTION
In 1992, the National Aeronautics and Space Administration (NASA) and the National Science Foundation
(NSF) commissioned a panel of U.S. satellite engineers and scientists to study international satellite R&D
projects to evaluate the long-term presence of the United States in this industry. The 1992/1993 study
covered emerging systems concepts, applications, services and the associated technologies in Europe and
Japan. The principal conclusions of that study were that the United States had lost its leading position in
several critical communications satellite technologies and that the U.S. business lead in this market was at
risk.
NASA and NSF recognized that major changes occurred in the global satellite communications business in
the intervening five years, and in 1997 commissioned a new panel to undertake another worldwide study of
this industry. This 1997/98 study differs from the one conducted in 1992 by including market, regulatory
and policy issues in addition to technology and systems. In contrast to the 1992 study when only sites in
Europe and Japan were visited, this study included site visits to many institutions in North America as well
as in Europe and Asia. This panel was composed of individuals representing industry, academia and
government organizations, half of whom were also on the 1992 panel. The panel either visited or conducted
interviews with 61 satellite manufacturers, service providers and R&D laboratories, in 14 countries in North
America, Asia and Europe.
This report details the information collected in the site visits, provides supplementary information on
communications satellite markets and technology, projects trends, provides a perspective of this increasingly
global business, and compares satellite communications activities in other countries to those in the United
States. In addition, the report has benefited from review by an independent panel, composed of experts from
industry, government and academia.
PRINCIPAL OBSERVATIONS AND CONCLUSIONS
1.

The panel observed that many European and Asian governments are maintaining or increasing
their funding of commercial communications satellite R&D. The U.S. government, on the other
hand, does not appear to be supporting such R&D at the level that is necessary to continue the
leading U.S. market share position in this growing business. The current level of NASA R&D
funding in this area is barely adequate to meet the competitive challenge posed by other nations.
There is a critical and growing need for new technology in this technology-intensive industry.
Continued funding for the long-term R&D programs at NASA, DOD, and NSF is crucial to the
continued success of the U.S. commercial satellite communications industry in the next century.
NASA and Department of Defense (DOD) R&D funding of previous decades played a key role in
building the technology base that is the foundation of the current market success of the U.S. satellite
communications industry; continued NASA and DOD R&D in this area will be critical to its future
success. DOD support for satellite communications R&D (several hundred million dollars per year)
does bring considerable benefits to the commercial sector, but is focused on DOD requirements. The
character of NASA’s R&D program and its benefits to the commercial satellite communications
industry differ from the DOD program, particularly with regard to pressing commercial issues such as
protocols and standards, which are especially important for the interoperability of the terrestrial and
satellite communications networks, spectrum allocation, and the use of satellites in the global
information infrastructure (GII). NSF has supported programs at universities that have benefited
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satellite communications also. This work, especially on high speed materials and devices as well as
protocols, needs to continue. The members of this panel are concerned that cutbacks in government
support and funding of long-term satellite and high frequency research work may eventually result in the
erosion of the dominant position that the United States now enjoys, and in the loss of the benefits this
industry brings to the United States in terms of high paying jobs and positive contributions to the
balance of trade.
While U.S. manufacturers are developing short-term, or competitive, technologies, they recognize that
longer term work is being neglected. As a result of the panel’s investigation into technology and new
markets, it has identified several possible candidates for long-term U.S. government supported R&D
that will enable U.S. industry to maintain its lead in the development and manufacture of the
commercial communications satellites of the future. They include:
•
•
•
•
•
•
•
•
•
•
2.

batteries and fuel cells
high power components and structural elements
materials and structures for numerous electronic devices, including solar cells and high frequency
devices (>20 GHz)
materials that are light in weight and strong for structural applications
devices and structures for phased array and multiple spot beam antennas for use on the ground and
in space
radiation resistant device structures and circuits
techniques, materials and structures for the transfer and dissipation of heat
optical components and sub-systems
networking technology for the seamless integration of high data rate communication satellites and
terrestrial facilities
large, deployable antennas (> 25 meters in diameter)

The United States is the leader in the manufacture, insertion of new technology, development and
finance of new commercial communications satellites, but foreign competition is increasing and
this point needs to be addressed for the United States to maintain this lead. Further, the United
States has lost its preeminence in the satellite launch service area and this must be viewed with
concern. In addition, there is a critical need for lower cost and more reliable launch vehicles.
Today, the U.S. aerospace industry is strong. Not only have the traditional leaders such as Hughes,
Space Systems Loral, and Lockheed Martin grown stronger, but there is new strength coming into the
competitive commercial satellite communications sector from Motorola, Boeing/Rockwell, Raytheon
and elements of technical and systems strength from Ball and TRW. In addition, numerous other
companies, many of them small, play a vital role by supplying components and sub-systems to the
industry. U.S. companies lead the global manufacture of large commercial communications satellites.
However, the manufacturing base is expanding to other parts of the globe as foreign companies are
entering this market by providing the above-mentioned U.S. companies with piece parts and subsystems. In addition, we are seeing the emergence of a stronger international presence in the
manufacture of satellites, with Matra Marconi, Alenia Spazio, Alcatel, Mitsubishi, Toshiba and NEC all
competing for this business.
The strongest evidence of growing foreign participation in the satellite industry is in launch services.
Here, the United States is no longer the leader. Approximately half the large commercial satellite launch
service business is provided by Arianespace (dominated by the European Union), with the United States
a close second, followed by Russia. China and Japan have entered this business, and several new
companies are emerging, such as the SeaLaunch international consortium. Countries as well as
international consortia will contend for future launch service business. Despite the increased number of
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new launch service providers, the cost of launches has not decreased appreciably and there is a need for
a concerted effort to develop lower cost access to space. In addition, launch failures occur too
frequently. This is a concern to the investment community, since these failures add cost to the
communications services and uncertainty to the dates of service. More reliable launch services need to
be introduced into this industry.
Finally, we are seeing new and specialized development of satellite communications technologies and
systems in space and on the ground in such countries as India, Israel and Korea, which could grow into
important elements of the space communications business over the next ten years.
3.

Commercial communications satellite services are rapidly becoming a large and global business,
increasing from $11 billion in 1992, to $20 billion in 1996 to our projected figure of $75 billion in
2005.1
The satellite communications service industry has grown more rapidly than was forecast in the
1992/1993 WTEC study. This growth has been a global phenomenon as the economies of the world
have improved, requiring increased communications services for both business and consumer markets.
The recent large and rapid expansion of business and consumer terrestrial mobile and Internet
communications services has opened new opportunities for satellites. Mobile and Internet transport and
access businesses, in particular, have stimulated the demand for new multi-satellite constellations to
serve this market on both an international and regional scale. Growth in these areas, coupled with the
global increase in TV viewership and high data rate transport, has been responsible for the recent and
future anticipated growth. There is also new demand for integrated satellite/terrestrial communications
that will enable the transport of information seamlessly across these transport media. These large and
rapidly growing satellite based business opportunities have attracted the attention of government and
industrial interests of many countries, and these nations are making significant investments of new
capital to enable them to participate in this growth market. Many countries have allocated funds for
satellite R&D projects to ensure their long-term presence in the commercial satellite industry. The
expansion of satellites into new applications and the increased global demand for satellite
communications services have attracted the attention of the investment community. This has resulted in
the formation of new satellite service providers and stimulated mergers and acquisitions, the creation of
new companies, the formation of global partnerships and the privatization of formerly public satellite
service organizations. The United States in particular leads the way in proposals for new services and
new satellites and in the innovative financing of new ventures to provide these services.

4.

New technology is being inserted into commercial satellite communications at an increasingly
rapid pace.
In the past, commercial communications satellite manufacturing and service provider organizations
tended to be conservative and to be hesitant about inserting new technology into satellites. This has
changed in response to the immediate need to serve customers’ burgeoning demand for entertainment
programming (TV), mobile communications and access to high bandwidth Internet data. Industry is
inserting new technology into satellites at a rapid pace. Recent examples include onboard processing
and switching, more efficient solar cells, higher power components, more efficient heat dissipation
techniques, electric-based station keeping thrusters, intersatellite links, large antennas, phased array
antennas, antennas with numerous spot beams and improved TWTAs. Increasingly, the satellite is no
longer being viewed as a simple “bent pipe” but as an important component of a large global
communications networking system, requiring interoperability between the satellite and terrestrial
components and thus compatible protocols and standards. This integration of satellites into the global

1

These figures are satellite-related revenues for telecommunications and include estimated “retail sales” where possible.
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network will require the satellite industry to assume large software operations and develop new end-user
services.
5.

Aerospace communications companies worldwide are expanding from their traditional role as
equipment vendors into the end service provider business.
Traditional satellite manufacturers such as Hughes and Loral are in the transponder lease business and
Lockheed Martin is in the launch services business. However, these manufacturers are now becoming
directly involved in providing end-services to the consumer, which is very much in evidence with DBS,
mobile satellite services and Internet access businesses. The most significant change will come with the
deployment of $50 to $80 billion worth of new multimedia, high data rate satellites early in the next
decade. The new satellites, which will operate at the very high Ka and V-band frequencies, will provide
services using very small micro-terminals or ultra-small aperture terminals. Unlike today’s VSATs,
these small terminals will provide a “universal service” for fixed or mobile customers requiring wide or
narrow band services and will connect home and business users at the expected low cost of under
$1,000 per terminal, with an objective of less than $250.

6.

Commercial communications satellites are increasingly being used to provide services directly to
the end-consumers, creating a potentially large terminal industry.
In the past, the principal customers for communications satellite services were large communications
carriers, PTTs and medium to large sized businesses. This emphasis is changing rapidly into a business
that will be dominated by the needs of the end-consumers, individuals located in homes and small
businesses, often in competition with established communications and cable TV carriers. As such, the
terminals, whether they be handheld units or units with small antennas attached to the home and
connected to indoor electronics, will be manufactured in large quantities and cost less. The terminal
business, especially the new multimedia, high data rate networks, has the potential to exceed the size of
the satellite manufacturing and launch business. Mobile communications, access to Internet data, and
television and entertainment programming provided by satellites will drive these satellite based
consumer electronics markets.

7.

Satellite manufacturing is attaining maturity and is starting to follow manufacturing procedures
that are similar to those used by the automobile industry.
Satellite manufacturers do use some in-house manufactured components and sub-systems, but they are
increasingly becoming dependent on the supply of many items from low cost, highly reliable global
suppliers. Satellites are assembled, tested and shipped from facilities that place emphasis on concurrent
engineering, computer aided design, quality concepts, expedited materials flow, low cost and rapid
delivery time. While U.S. companies continue to dominate the manufacture of communications
satellites, other nations are rapidly acquiring the expertise to compete effectively with the United States.
In addition, it is now relatively common for companies located all over the globe to apply their
expertise, focus on the development, manufacture and delivery of specific components and/or subsystems and ship them to the satellite manufacturers. These niche players have been quite successful.
No longer does a satellite manufacturer make everything, or almost everything that goes into a satellite.
The manufacturers now shop around the globe for many of these specialty items. The competitive
advantage goes to those companies that can manufacture at lowest cost and demonstrate the highest
reliability and the shortest delivery time, all the while maintaining proprietary design concepts and
inserting proprietary new technology into their satellites. The industry has matured to the point where
companies do their own short-term development, often concurrent with manufacturing. In many
instances, they just buy the technology. The manufacture of satellite components and sub-systems is
becoming a global business.
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The advent of constellations containing numerous satellites, such as Iridium LLC, Globalstar LP and
ICO Global Communications Holdings, has also added a new approach to the manufacture of satellites.
These satellites are constructed on assembly lines. The study team saw eight being manufactured at a
time at both Motorola (Iridium) and Alenia Spazio (Globalstar) facilities. These satellites contained
many off-the-shelf components and sub-assemblies manufactured by other companies. Complete testing
tends to be done on a few satellites to verify design concepts, while sample testing is done on the rest of
the satellites to assure that the quality control processes are intact. Common buses and design concepts,
along with improved manufacturing processes, have reduced the delivery time of large geosynchronous
(GEO) satellites to 18 months, or less, a major improvement over the typical three year delivery time of
five years ago.
8.

The increased global interest in the use of satellite based communications systems has created a
demand for spectrum and orbital slots that exceeds availability. In addition, there is competition
for much of this spectrum from terrestrial wireless systems.
A plethora of (apparently) “paper satellites” (a term referring to the filing of claims for spectrum
allocation and orbital slots that may never be used) often creates contention between the
communications interests of nations and companies, which is not resolved easily. Joint allocation of
spectrum with satellite and terrestrial communications systems also creates interference problems that
are not easily resolved. While the Federal Communications Commission (FCC), World Radio
Communications Conference (WRC) and the International Telecommunications Union (ITU) have
sought to settle many of these issues and disputes, it is expected that these problems will get
progressively worse as the demand for space communications services increases. New procedures to
resolve these issues need to be developed.

9.

Future development of commercial satellite communications appears to hinge on key regulatory,
trade, spectrum, and inter-operability and standards issues as much as new technology
development—and here government leadership and initiative will be the key.
The opening up of world trade in telecommunications services will affect the satellite communications
industry in many important ways. New competitors and new trade entrants are as likely as not to use
wireless and satellite systems to accomplish their goals. Despite gains under the new World Trade
Organization’s General Agreement on Telecommunications Services there are still some difficulties in
achieving direct satellite access to global markets. In the area of spectrum, new ways of allocating
frequencies over broader multi-purpose service categories and new techniques to mitigate interference
with both other satellites and with terrestrial service facilities need to be developed and then agreed to
globally. Perhaps most critical is the need for inter-operability standards to seamlessly connect new
satellites with terrestrial networks for public telephony, wide-band services and many forms of Internet
access and commercial systems. In all of these areas, governmental initiative will be needed since
commercial action alone cannot forge urgently needed new global agreements. The commercial use of
the U.S. military controlled Global Positioning System (GPS) is an issue that needs to be resolved,
especially in Europe where there is concern that military priorities will conflict with critical commercial
applications.

10. Opportunities for international cooperation can facilitate the global development of new satellite
technologies, systems and standards.
The highly competitive nature of the global satellite communications industry often makes international
cooperation in the development of key technologies difficult. Nevertheless, there are opportunities for
international cooperation, especially in the form of demonstrations of satellite services. An active
international program to make satellite communications a vital part of the global information
infrastructure is an area where such cooperation would be beneficial to the industry. Global
demonstrations of broadband state-of-the-art digital applications for health, education, museums,
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entertainment, trade and business services, emergency recovery, and Internet based networking are some
of the examples which can be vehicles for the development and agreement of interoperability standards
and frequency allocations. In addition, such international demonstrations can be useful tools to
stimulate the development of new equipment and new satellite services.
11. There is considerable R&D work being done around the world on the understanding and
development of protocols and standards to ensure the seamless interoperability of satellite and
terrestrial communications transport facilities.
The global network of the future will include terrestrial wireline and wireless facilities as well as
satellites. Thus it is important that all these facilities be capable of operating together to provide the
services that the customers expect. To achieve such a single global network, it is imperative that there
be common protocols and standards, to avoid having a communications system composed of fragmented
parts, each with its own protocols and proprietary standards. Since many of the protocols and standards
currently in use were introduced for terrestrial communications, it has become necessary for the satellite
service providers to work in this area to ensure their interoperability with the terrestrial network,
especially for high bit rate applications. TCP/IP, the Internet protocol, and ATM, the current transport
protocol of choice for multimedia transport, are receiving considerable attention by R&D institutions
throughout Europe, Asia, the United States and Canada. This is driven in part by interest in developing
a global information infrastructure (GII) offering high bandwidth services around the world. While
considerable more R&D on this subject is needed, early experimental results of high bandwidth ATM
and TCP/IP over properly conditioned satellite links have been successful.
BACKGROUND
The observations and conclusions presented in this report are quite different from those of the previous
study. At that time, it was thought that the U.S. satellite communications industry had lost its leading
position in several critical satellite technologies and that its leading market position was at risk. This has not
happened. While there is no doubt that European and Japanese companies have become more active in the
global satellite business, the United States continues to be the dominant source of large communications
satellites and leads in the introduction of new services in a rapidly growing market. In the short five years
between these studies, new markets have infused vitality into this business. The strong U.S. financial
environment is an important factor in the establishment of this business position. While new technology
certainly is important, market factors are driving the business. However, technology continues to be very
important and has to be considered as an important factor in enabling U.S. industry to be so dominant in the
manufacture of communications satellites. New technology, based on R&D programs of past years, is being
inserted into satellites at an unprecedented pace. In addition, technology that has been developed by U.S.
firms for terrestrial communications systems is being applied to satellite systems. The panel is concerned
that the present leadership position of the U.S. satellite industry, which is greatly influenced by three
decades of far- sighted investment in R&D programs by government agencies, is in jeopardy due to
inadequate funding of long-term R&D. This inherently technology-intensive industry is dependent on longterm R&D for its future vitality.
The past five years have been exciting ones for worldwide communications, including the commercial
communications satellite industry. This excitement has been fueled by the rapid growth in personal mobile
wireless communications, the explosive growth of the Internet, the need for high data rate communications
and the global growth in television viewing. In addition, the improved global economy and the increase in
wealth of previously weak countries have created a demand for an expanded global communications
infrastructure. The industry has experienced numerous legislative and regulatory changes, a host of mergers,
acquisitions, and corporate realignments, and the privatization of government-dominated terrestrial and
satellite service carriers. We have seen marked growth in many indicators of the health of the global satellite
communications industry in the last five years, including:
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increases in the number of satellites manufactured
increased participation in the manufacture of these satellites and associated components and subsystems
by companies located in numerous countries
increases in the number of satellite launches
an increase in the number of organizations participating in the launch service business
increased penetration of satellite based services into the consumer market
the rapid insertion of new technology into satellites by an industry that previously had been very
conservative

Satellite based communications is by far the largest commercial application of space and is growing at an
impressive pace. It is attracting the attention of the world’s financial institutions, entrepreneurs and nations
around the world that are looking to expand their global markets. The United States needs to continue its
active role in the support of these markets. Table ES.1 provides a breakdown of this business by service
categories.
Table ES.1
Profile of Satellite Systems by Service Category
Service

Service Description

1992

1996

Projected 2005

FSS

Conventional

$10 billion

$14 billion

$29.5 billion

Broadcast

DTH, DBS

$0.5

$3

$17

Multimedia, broadband

Internet access, multicast…

-

-

$13

Mobile

Maritime, aero, global &
regional

$0.8

$2.5

$12.5

Other

Store/forward/paging/DARS

$0.1

$0.2

$2.5

$11.4

$19.7

$74.5

Total services

SCOPE
Technology Focus
The primary focus of the 1992 study was on R&D for future commercial satellites. This was appropriate at
that time. New services that were dependent on new technology were introduced only when the R&D was
well advanced and the technology was proven to be reliable, preferably with flight experience. Under those
circumstances, it was much easier to predict the evolution of satellite technology and thus the availability of
new services based on this technology. Markets, more than ever before, now drive this business. The
approach to technology has changed considerably since the 1992 report. Under the driving force of market
demands, new technologies are being inserted into satellites and new technologies are being developed or
adapted for specific markets, often concurrently with manufacturing, at an unprecedented rate. Long-term
work has not been neglected, especially in Japan and Europe, where there is an emphasis on the use of
experimental satellites to test out technology and new service concepts. In addition, there is an increased
emphasis on the improvement of manufacturing processes. While the primary focus of this panel’s site visits
was on the benchmarking of technology compared to what exists in the United States, the scope of this study
was broadened to include both short- and long-term technology research and development, systems research
including software, manufacturing technology, and terminal technology. Also included is material on
markets and launch technology.
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Market Focus
This report has a much greater emphasis on market drivers and market trends than did the 1992 report. The
exciting growth of the satellite based communications industry is being driven by market forces and not by
technology. Technology, on the other hand, is viewed as an enabler. As a whole these market forces are a
direct consequence of the growth of terrestrial communications, with satellites covering those applications
that utilize their strengths, namely providing identical information to many customers at a time, transporting
thin route traffic, and serving both fixed and mobile customers anywhere on the globe. This report covers
those market factors that have led to the increased use of commercial communications satellites. In addition,
it covers the dynamics of an industry that is characterized by new start-ups, consolidations and mergers,
creative financing, the role of banking institutions, and the formation of international partnerships.
Regulatory and Legislative Focus
The increased demand for orbital slots and spectrum and the need to acquire spectrum on a worldwide basis
rather than just nationwide, have created an increased focus on the importance of regulatory issues in our
study and such issues are covered in this report. The privatization of many of the markets and related
legislative action have also had an impact on the industry, which is also part of the report.
Global Focus
This report has a global focus. Since an important objective of this study was to benchmark global
technology and markets compared to the United States, we visited numerous institutions all over the world,
albeit selectively. We visited sites in North America, Europe and Asia and interviewed representatives from
South America, Africa, and Israel.
Limitations
As is the case of the 1992 report, the present study focused on commercial communications satellite
technology and markets and did not attempt to review military and defense satellite technology, either
classified or unclassified, in the United States or elsewhere. U.S. military spending on satellites is currently
$8 billion per year, and development work is estimated at several hundred million dollars annually, of which
a small portion is for R&D applicable to future commercial communications satellites. This is more than the
NASA spending devoted to communications satellite R&D, but hardly enough to support a growing
technology-dependent business in the United States. This study did not cover important commercial space
applications such as weather reporting and forecasting, surveillance and image capture. Also, no attempt
was made to cover commercial GPS technology, which is experiencing widespread use for navigation,
mapping, surveying and position determination. All site hosts were provided with the opportunity to
comment on the draft reports to make factual corrections and to eliminate any material that contained
proprietary information.
PERSPECTIVE ON THE INDUSTRY
The fortieth anniversary of the launch of Sputnik was observed while this panel was in the midst of its
activities. Satellites have come a long way since then. So has the general area of communications
technology, which has been transformed from analog to digital. In the past few years, we have seen
impressive growth in wireless communications for mobile voice, data, and paging. This has not gone
unnoticed by the satellite business community. Satellites are ideally suited to provide mobile
communications. Several new systems have been proposed to provide this service to customers located over
the entire globe. The systems depart from the traditional GEO located satellites by including numerous
satellites in a constellation located at LEO or MEO, often with on-board processing, switching and even
intersatellite links. These systems are linked into the terrestrial communications network, requiring the
establishment of innovative local partnering and financial relationships that make these constellations truly
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global. Table ES.2 lists the characteristics of the constellations of the principal, large, mobile satellite
service providers. Not included in this table are the regional GEO satellites that will provide mobile
services.
Table ES.2
Proposed New Global Satellite PCS Systems
Parameter

Iridium

Globalstar

ICO-Global

Ellipso

ECCO

No. of active satellites

66+6 spare

48

10 +2 spare

14 + 3 spare

11 + 1 spare

No. of satellites per
orbit plane

11

8

5

2 inclined and 1
equatorial

1 (initially)

No. of orbit planes

6

6

2

4 and 6

11

Orbit altitude (km)

750

1,414

10,355

N.A.

2,000

Orbit inclination

86.5°

52°

45°

116.5°

0°

Number of spot
beams/satellite

48

16

163

61

32

Reported cost ($ billion)

4.7

2.5

4.6

0.91

1.15

8,040 equatorial

The explosive growth of Internet traffic may have a profound impact on the future use of satellites. Satellites
are now transporting this traffic and there is every indication that “you ain’t seen nothing yet.” The satellite
industry has responded to this new market by proposing new systems designed specifically for the end
customers. As in the case of satellite mobile communications systems, most of these systems involve multisatellite constellations. Their seamless connectivity with the terrestrially dominated Internet requires new
approaches to standards and protocols, which are discussed in chapter 4 of this report. These systems
propose to operate at Ku, Ka, V and the mm-wave bands to meet the burgeoning demand for new spectrum
and the high bandwidth required to provide these Internet services. Also under consideration is the use of
optical links for space to earth and earth to space communications. Table ES.3 lists some of the new Kaband systems that have been proposed to serve this Internet access market.
Both mobile and high data rate communications satellites have terrestrial competitors. The cellular industry
is expanding rapidly all over the globe. Iridium will initiate service in the fourth quarter of 1998, Globalstar
in 1999 and ICO in 2000.2 It will be interesting to follow their penetration into the mobile market. In the
case of Internet access, several high data rate technologies are vying for this market, including xDSL, cable
modems, wireless cable (TV), LMDS, MMDS, DEMS, and HALE platforms, in addition to satellites. To be
successful it is important for satellite service providers to move rapidly to take advantage of a window of
opportunity that may last for just a few years. If they do not, the terrestrial services will become so
entrenched that it will be a challenge to acquire customers. In the event that the satellite systems do not
provide broadband service in the next few years, a major question is, can these satellites services make an
effective business by serving those customers that do not have ready access to the terrestrial Internet
communications infrastructure? Hughes, with its DirecPC, is already in the high data rate Internet access
market, with others to follow shortly.

2

Based on company announcements. Press accounts differ slightly.
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Table ES.3
U.S. Licensed Ka-band Global Satellite Communications Systems
Company

System

Orbit

Coverage

No. of
Satellites

Satellite
Capacity
(Gbps)

Intersatellite
Link

Onboard
Switching

Capital
Investment
($ billion)

Lockheed
Martin

Astrolink

GEO

Global

9

7.7

1 Gbps

FPS

4

Loral

Cyberstar

GEO

Limited
Global

3

4.9

1 Gbps

BBS

1.05

Hughes

Galaxy/
Spaceway

GEO

Global

20

4.4

1 Gbps

BBS

5.1

GE
Americom

GE*Star

GEO

Limited
Global

9

4.7

None

BBS

4.0

Morning
Star

Morning
Star

GEO

Limited
Global

4

0.5

None

None

0.82

Teledesic

Teledesic

LEO

Global

840*

13.3*

1 Gbps*

FPS*

9*

* Original design numbers
Several proposals have been made to use High Altitude (~12 miles) Long Endurance (HALE) platforms to
provide communications services. The allocation of spectrum for their use further complicates the already
high demand for frequencies and the potential interference with terrestrial radio communications.
Multicasting is an Internet based terrestrial service that is growing rapidly. It is a business that is a natural
for satellites. It features the simultaneous transfer of identical information, such as stock quotations,
electronic newspapers and magazines, etc., to many customers at a time; a strong point of satellites.
However, a return link is required to enable the customers to obtain additional information or even to place
orders to purchase advertised products. The terrestrial Internet network is not ideally suited to provide
numerous customers with identical information, but new distribution algorithms are being developed to solve
this problem. The DBS industry, with its established distribution and service channels to the customers with
small antennas, is well positioned to enter this market.
As is the case with many services based on new technologies, the establishment of effective distribution
channels is a major challenge to these satellite service providers, especially for those serving the endconsumer.
TECHNOLOGY TRENDS
Most of the time during the WTEC panel’s site visits was devoted to discussions and demonstrations of new
technology and visits to manufacturing facilities. Not surprisingly, there was a general consensus among the
hosts and WTEC panelists on the technology that was needed for the successful application of satellites to
the new markets. To meet these needs, there is a general willingness to insert new technologies onto
satellites without the need for numerous test flights. This is a marked departure from past approaches to the
insertion of new technology into commercial satellites.
The manufacture of satellites has also changed considerably in the past few years. Increasing
competitiveness together with an increased number of viable competitive manufacturers has placed a greater
emphasis on cost containment and a resultant focus on the improvement of manufacturing facilities and
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processes. Typically, parts and sub-systems are obtained from low cost, reliable sources and assembled and
tested in modern facilities, much like the model for manufacturing by the automobile industry. The use of
CAD, quality processes, material flow procedures, concurrent engineering, common buses, and new
assembly and testing techniques is being emphasized. The successful manufacturers combine proprietary
technology, sound design, manufacture and test practices to achieve low costs and short delivery times.
Delivery times for large GEO satellites have been reduced to 18 months by using common buses and
improved manufacturing processes. Most impressive are the changes that have occurred as a result of the
assembly line-like manufacture of the multi-satellite constellations of Iridium, Globalstar, ICO, and
Teledesic. At both Motorola (Iridium) and Alenia (Globalstar) the WTEC panelists observed eight satellites
being manufactured at a time on assembly lines that were organized for large production capacity (for
satellites), with emphasis on short delivery times and improved reproducibility.
New technology for GEO located satellites is driven by the need to increase on-board power to serve the
consumer market. High power enables the end user to use small, low cost ground terminals. The emphasis
is on the achievement of higher power without increasing weight and cost. High power, more efficient
TWTAs are replacing SSPAs at C-band for many applications. Epitaxial GaAs/Ge solar cells, with
efficiencies of >20%, are replacing Si cells, followed by cascade cells, composed of layers of different III-V
compound materials, with efficiencies that promise to approach 35%. Innovative, large area solar cell arrays
that look like pleated window shades or even blankets are being developed. Deployable heat radiators are
being developed also. Progress in new batteries has been slow, with the high pressure nickel-hydrogen
batteries continuing to be the preferred source of DC power. Work is being done to increase the number of
charge/deep discharge cycles for the Li-ion battery system, but this work is progressing slowly. Shaped
reflector antennas are in common use and have resulted in the elimination of considerable heavy microwave
hardware. Electric ion propulsion engines for station keeping are in use, and considerable work is being
done to improve their efficiency. Large, 12 meter antennas are being put onto regional mobile
communications satellites.
The use of on-board processing and switching, as in the case of Iridium and many of the Internet access
satellites, is the biggest step in the insertion of new technologies onto satellites. These satellites will be mini
switchboards in the sky, supported by millions of lines of real-time software onboard the satellite and on the
ground, a new phenomenon for satellites. The high data rate satellites face the challenge of being part of a
large global system that is dominated by terrestrial technology. At these high data rates, latency sensitive
protocols must be modified, or new ones developed, to obtain seamless interoperability with the terrestrial
network. Intersatellite links are being used as well. The WTEC study team saw considerable work on
optical intersatellite links (ISL), with the goal to increase the useable bandwidth of these links. The team
also saw work on the development of high temperature superconducting devices, especially for the eventual
manufacture of more highly selective filters.
The advent of end-consumer satellite services is a boon and a challenge to the terminal manufacturers. Low
cost is the key factor in the acceptance of many of these services. Lightweight handheld mobile phones and
pagers are essential. Low cost, two way, phased array, small size terminals are needed to serve the high data
rate markets. DARS (Digital Audio Radio Services), a satellite based service, will also benefit from phased
array antennas. While manufacture in great numbers is the critical step in the achievement of low costs,
there is a need for new technologies also. Some candidates are single chip, high frequency integrated
circuits, which appear to be a possibility with the recent advances in the use of Si/Ge alloys on silicon
integrated circuits; phased array antenna components; Ka-band components, especially SSPAs; sharp filters;
and software based multiple protocol terminals.

xxii

WTEC Panel on Satellite Communications Technology and Systems

CONCERNS
While the U.S. position in the satellite business is quite impressive, there are concerns about its ability to
maintain this lead.
R&D: The members of this panel are concerned that weak funding of long-term communications satellite
R&D programs by government agencies, notably NASA and DOD, may result in the eventual erosion of the
leading market position that U.S. industry now possesses. Just as the United States has lost its leading
position in the commercial satellite launch industry as a result of poor support for new launch technology,
vehicles and facilities, it is presently at risk of losing the lead in satellite manufacturing to other countries
that are now making significant investments in long-term R&D in satellites and satellite services, as well as
in modern satellite manufacturing facilities. The WTEC panelists were especially impressed by the longterm outlook of the government R&D programs in Europe and Asia. Clearly, the purpose of this generous
R&D support is to capture an increasing share of future satellite business.
The continued leadership of U.S. industry in the global competition for the export of products and services in
the “Information Age” is critically dependent on the R&D of today. Employment and national security are
dependent on a vibrant communications industry, of which satellites are a part. The U.S. satellite
manufacturing industry has demonstrated its ability to invest in new manufacturing facilities and do the
short-term development that is necessary to be competitive, but present short-term developments are
dependent on past long-term R&D programs that have been supported by NASA and DOD. Continued and
even enhanced government R&D funding in the future will enable the United States to maintain its lead in
this industry, even in the face of the increased competition from abroad that is likely in the coming years.
Some of the long-term R&D topics that are appropriate for U.S. government R&D support are listed earlier
in this Executive Summary.
Figure ES.1 reflects the relative spending of some of the leading space agencies around the world compared
to their gross domestic product. The United States outspends the rest of the world on an absolute and a per
GDP basis. When it comes to space telecommunications research and development, however, NASA’s
space policy is dramatically different from that of other countries. In general terms the governments of
India, China, Korea and Canada spend some 14% to 25% of overall space-related funds for space
telecommunications. Japan, France, and ESA spend between 8% to 12% of space funds in satellite
telecommunications development and demonstrations, but NASA spends a fraction of 1% of its total budget
on satellite communications research. Thus, while most of the rest of the space agencies of the world place a
high priority on the largest and the most rapidly growing space industry because of its perceived economic,
social and cultural importance, NASA activity in this area has all but disappeared. If, indeed, space
telecommunications is to be a key part of the emerging global information infrastructure, this strategic
approach by NASA seems to contain elements of risk. Finally, to complete the U.S. picture, the Department
of Defense maintains an $8 billion-a-year satellite communications program, including several hundred
million for satellite development (a small portion of which is commercially relevant). The great disparity in
research spending between NASA and DOD seems to reflect the overall lack of national priorities in space
communications as well as a lack of balance.
Protocols and Standards: Satellites are increasingly being used as part of a large global communications
system composed of terrestrial, wireless and satellite facilities. To accomplish a true GII that serves all parts
of the globe, from urban to rural, from business to homes and from affluent to underdeveloped nations, it is
necessary that these transport facilities work seamlessly together. The terrestrial network is changing from a
circuit-switched to an IP-centric operation. To be an important factor in the network of the future, the
satellite business must recognize these changes and develop and embrace new and improved protocols and
standards. The members of this panel believe that U.S. government agencies, such as NASA and NSF,
should provide leadership to support and coordinate a strong and effective effort to accomplish this end.
Satellites, with their ability to directly reach people all over the globe, especially in underdeveloped regions,
should play an important role in this GII initiative.
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Trained Engineer Shortage: The shortage of engineers with skills that can be applied to the design of
satellites and satellite based communications systems is also of concern.
Satellite Organizations: The 1992 study recommended the formation of organizations that could serve the
satellite community interests. This has begun with the formation of the Satellite Industry Alliance and the
Satellite Division of the TIA (Telecommunications Industry Association), as well as the Space Technology
Alliance, which coordinates related activities by various U.S. government agencies. 6 The impact of these
organizations has started to benefit the industry, but greater participation by industry and government is
required to ensure their long-term effectiveness.
Spectrum: There are many issues associated with spectrum use and allocation that need attention. The
processes for addressing these global issues need improvement.
Launch Services and Facilities: Traditionally, the United States has led the world in the launch of
commercial satellites. This is no longer true. The lead has been assumed by the European Arianespace
organization, driven by ESA funding for development of new rockets and the establishment of modern
satellite preparation and launch facilities in Kourou, French Guiana. Russia and China have become major
suppliers of commercial launch services in the past few years. The U.S. position will continue to erode
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Source: J. N. Pelton, NASDA white paper, 1998.
The ESA data includes contributions of the 14 member nations to ESA plus their own space budgets, divided by the sum
of the GDP of these nations.
5
Data does not include defense related space activities.
4

6

The Satellite Industry Alliance was organized through the impetus of the Satellite Industry Task Force and formulated a
vision statement and an outline of goals and objectives. The SIA had as its objectives the following points: (1) realizing
the potential of satellite communications as an integral part of the global information infrastructure, (2) enhancing the
international competitiveness and resulting market share of the U.S. satellite industry through technology and innovation,
(3) reducing the costs of communication by increasing government reliance on domestic commercial satellite industry
capabilities, (4) establishing a focal point for interaction conducive to the development of a national strategic focus for
satellite technology, (5) maintaining a strong, national R&T base through the cross fertilization of R&D expenditures
(Satellite Industry Task Force). The members of this panel believe that such an organization could have a positive
impact, and that efforts to restart it should be pursued.
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unless changes are made, especially in the modernization of the procedures and commercial facilities located
at Cape Canaveral and Vandenberg Air Force Base. In addition, the United States has an opportunity to
recover its leading position in the launch industry by developing lower cost and more reliable launch
services.
REFERENCES
Satellite Industry Task Force. Dec. 1997. Executive Summary to Satellite Alliance USA.
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CHAPTER 1

OVERVIEW
INTRODUCTION AND BACKGROUND
A Rapidly Changing World
Since the WTEC report for NASA and NSF in 1992/1993, the satellite industry has undergone dramatic
changes. There has been a virtual revolution in all aspects of the industry: technology, services and
applications, financial and management arrangements, and policy and regulation. In short, a global
revolution in satellite communications is occurring. In 1992, satellite technology was seen as the prime force
of change and it appeared that crucial and ambitious technology development programs in Japan and Europe
could pull ahead of U.S. technology. This now seems not as clear cut as it was then.
Today, while technological advantage is still seen as very important to future success, the biggest present
concerns are not technologies. Instead, it seems that policies, standards and protocols, regulatory decisions,
capital financing, trade arrangements and new consumer oriented digital market forces (including Internet
use and broadband digital services) are dominating the direction and speed of change. In this regard the
United States more often than not is leading the way; but there is more to consider.
There is no reason for complacency. Many key new technologies are being developed and their deployment
could still redefine the landscape of satellite communications leadership five to ten years hence. The
international satellite communications industry is alive and very well. There is certainly much valuable
foreign technology. Examples are the extremely broadband optical communications systems of Contraves,
the large aperture antenna structures being developed at Toshiba for Japan’s ETS VIII satellite, and huge
inflatable antenna systems in Russia. There are also the phased array antenna systems for the Japanese
Gigabit Satellite Project, thermal and propulsion systems being developed under the French Stentor project,
and the strides forward being planned by the Korean aerospace industry (particularly Hyundai). This study
is an expansion and an update of the one conducted under NASA and NSF funding in 1992. It is broadened
in scope to cover not only technology, but also services, applications, markets, standards, policy, regulations
and trade. It also is geographically expanded to cover significant new entrants into the field. A total of 61
sites or localities were directly addressed as reported on in the site visit reports. Figure 1.1 shows the
countries visited or otherwise covered during the 1992/1993 and 1997 studies, respectively.
Consideration is thus given in this report to the space communications industries in Canada, France,
Germany, India, Israel, Italy, Japan, Korea, Russia, the United Kingdom, and the United States. In order to
benchmark international developments in relation to national technology, several visits and "virtual site
visits" were undertaken within the United States. Prior to conducting the site visits that are documented in
the latter part of this report, a number of organizations were visited in order to discuss the purpose of the
study and to validate the methodology used in its execution. The organizations visited were: the Aerospace
Corporation, Boeing Defense and Space, the Federal Communications Commission, Hughes
Communications, Iridium LLC, the Jet Propulsion Laboratory, Lockheed Martin, NASA Headquarters, and
the National Telecommunications and Information Administration (NTIA) (see Appendix E). During each
visit, a representative of the WTEC study team described the proposed study and solicited feedback on the
methodology and the specific areas to be investigated.
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Fig. 1.1. Countries visited or surveyed in 1997.
A surprising degree of consensus was evident across the organizations visited. Clearly, the primary goal of
the study was to evaluate the world situation with regard to competitiveness and technological capability visà-vis the United States. However, it was equally important, according to these knowledgeable organizations,
that the team also investigate the various policy, regulatory, trade, standards and spectrum issues which have
been identified as so important to the future success of commercial satellite communications.
A panel of university professors, aerospace and telecommunications executives, and scientists from national
research institutions has devoted nearly a year of effort to bring this report to fruition. This report
documents fundamental change in the satellite industry in just five years, a change that might be called the
direct-to-consumer revolution in satellite telecommunications services.
Vigorous Market Projections for Satellite Communications
This report reveals a new pattern of innovation and change in satellite communications and one that is
happening at an accelerating pace. It involves tens of billions of dollars in new investment under innovative
new capital financing. It includes the deployment of direct-to-the-consumer technology, bypassing
traditional infrastructure.
Perhaps the best way to expose the nature and the degree of this change is to compare how satellite
communications markets were seen in 1992 and projected into the future with the extent and nature of the
changes that are seen and projected today. The previous study projected a rapid growth for satellite services
between 1992 and 2002, but the current Panel members believe that new satellite services and even faster
growth than anticipated of existing services require us to adjust our forecasts upwards. Although this panel
did not conduct an exhaustive market study, the consensus of the industry results in the market estimates
presented in Table 1.1. Table 1.1 shows the actual satellite market figures for 1992 and the forecast for
2002, as reported in the 1992/1993 study. This is contrasted with our new upward revisions of those
forecasts for 2002 and new forecasts for 2005. The revisions in revenue in the adjusted projection for 2002
reflect actual market growth figures being achieved by INTELSAT, Inmarsat and other new competitive
satellite systems. The sharpest increases projected for 2005 are primarily due to the advent of the new
multimedia broadband satellite services that will come on line between 2000 and 2005. These figures derive
from the actual filings of the various satellite systems and independent market studies that have been
undertaken by the International Engineering Consortium, Via Satellite, and other market forecasters, and
compiled for use in this study.
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Table 1.1
Past and Future Satellite Communication Revenues ($ billions)
SATELLITE SERVICE

1992

2002 – Original
Study

2002 - Adjusted

2005 Projected

Conventional Fixed Sat Service
INTELSAT*

$4.5

$8.5

$9.0

$11.0

Other Intern’l Systems**

$0.9

$1.9

$2.5

$3.5

U.S./Canadian Systems

$2.3

$4.5

$4.2

$5.0

Other National Systems

$1.4

$3.4

$4.5

$6.0

All Fixed Sat Systems

$10.0

$20.0

$22.1

$29.5

Broadband Multimedia (GEO)

N.A.

N.A.

$1.0

$6.5

Broadband Multimedia (LEO)

N.A.

N.A.

$0.5

$6.5

All Broadband Multimedia Systems

N.A.

N.A.

$1.5

$13

$0.8

$2.0

$2.2

$2.5

New Ka-Band Broadband Sat Systems

Mobile Satellite Systems
Mobile Sats (Aero/Maritime)***
Mobile Sats (Land/Geo)

$0.01

$1.0

$2.1

$3.0

Mobile Sats (Land/Meo/Leo)

N.A.

$6.0

$5.5

$7.0

All Mobile Sats

$0.81

$9.0

$9.8

$12.5

Broadcast Satellite Systems

$0.5

$8.0

$12.0

$17.0

Military Satellite Systems

N.A.

N.A.

N.A.

N.A.

Other (Data Relay/GPS)

$0.1

$0.3

$1.5

$2.5

TOTAL SAT SERVICES

$11.4

$38.3

$45.4

$74.5

*

INTELSAT line does not reflect INTELAT revenues but rather estimated revenues of Signatory sales to
customers
** Other international systems include Orion, PanAmSat, and estimated international revenues of Hispasat,
Optus, etc.
*** This is largely Inmarsat related and reflects not Inmarsat revenues but estimated total revenues derived from

customers
Overall, the satellite communications industry is in what might be called a "Bull Market." The rapid growth
projected in the last report will be achieved and exceeded. In the next five years we will see even more
explosive growth than has been seen to date. The market share of satellite communications will rise from
about 2.5 percent of total global telecommunications revenues today (i.e., $20 billion out of $800 billion) to
perhaps 5.5% to even 6.5% of all communications services (i.e., $68 to $80 billion out of a global total of
$1.2 trillion in 2005). This surge in satellite telecommunications will be due to the vision of a universal
network that encompasses transport by terrestrial and satellite systems with respect to broadcast television,
new multimedia services to the home and office, and land mobile servicesmost likely in that order of
revenue over the next 5 to 10 years. A good deal of this new growth is related to broadband Internet or
Intranet access, a service category only briefly alluded to in the 1992/1993 report.
Consequences to this Study of the Increasingly Competitive Marketplace
In the 1992/1993 study, a pattern existed of international cooperation with free and open worldwide
exchange of information inside the international satellite community. Virtually every site visit request was
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openly welcomed and high-quality technical information on existing and planned R&D programs was
divulged. In the current study, most requests for site visits were granted but the nature of the information
shared was more limited. A number of organizations (Aerospatiale, EUTELSAT, ICO, Alcatel) actually
declined visits. Sites in China were not visited since full visit reciprocity could not be arranged in the time
available.
U.S. entities showed a good deal of caution in accepting site visits and providing information on future
directions. In all, 61 sites and localities were visited or covered from secondary sources and good and
accurate overall information was obtained. It appears, however, that future technology and policy
assessment studies will be more difficult to carry out successfully in the new, more highly competitive
environment even under the site visit report policies observed by the WTEC study process, which are
carefully designed to protect proprietary interests.
THE CHANGING WORLD OF SATELLITE COMMUNICATIONS
Fundamental Shifts in Satellite Architecture, Applications and Markets
There has not only been a sudden broadening in the services and applications provided by satellites, but also
a shift in the market that brings consumers and business more directly in contact with satellite service
providers. Traditionally, satellite services have been provided to large businesses, most particularly
telecommunications carriers and the TV distribution industry. Globalization and deregulation have allowed
traditional terrestrial carriers to more closely embrace satellite technology.
This trend of direct-to-the-consumer architecture is seen in direct broadcast systems (DBS), mobile
communications satellite systems and now even in broadband, high data rate, multimedia satellite systems.
DBS systems are rapidly succeeding on a global scale. In Europe there are numerous regional and national
systems such as Astra, British Sky Broadcasting (BskyB), EUTALSAT’s Hot Birds, TDF of France, TV Sat
of Germany and soon a reconditioned Marco Polo system serving Sweden. In Asia there are Apstar, Asiasat,
Indostar, Koreasat, Thaisat and three Japanese direct-to-the home (DTH) DBS systems.
Some other organizations have taken a global approach. In the DBS radio sphere there is Worldspace’s
Afristar, Asiastar and Caribstar. For global TV there is Rupert Murdoch’s ambitious web of new DBS nets.
These include a DTH system planned for South America via INTELSAT 8. He also has major ownership
stakes in Asiasat in the Asia-Pacific, in BSB in Europe, and a pending arrangement with Primestar in the
United States. Thus, Murdoch’s News Corporation today is the closest to a global DBS system. The
ambitious filings of Luxsat (i.e., Astra) with the ITU indicate a clear intention to also have at least a global
DBS system. Finally, early conceptual plans for Koreasat 4 and Meosat envision a DTH system that would
cover most of the populated areas of the Asia-Pacific region and compete with Asiasat and Apstar.
There are, of course, dozens of other national DTH systems around the world that confirm the growth and
popularity of this new service. Overall it is likely that the 20 million DTH subscribers today will increase to
80 million or more by 2005. This new trend of a direct to the consumer satellite architecture is also reflected
in the dozens of mobile satellite systems as well. These are a combination of navigational, messaging and
voice/data mobile satellite systems. They will be a combination of GEO, MEO, and LEO systems such as
Iridium, Globalstar, ICO, Orbcomm, ACeS, Agrani, Thuraya, AMSC, TMI, etc.
Most recently, nearly twenty new broadband multimedia satellite filings from around the world reflect the
idea that satellites cannot only compete for last mile traffic with terrestrial systems. These new systems,
which are largely in the new Ka-band frequencies, will operate to ultra-small aperture terminals (i.e., 50 to
67 cm in diameter) and seek to provide a range of digital business services at competitive data rates. These
satellites will be extremely high powered and multi-purpose.
Exciting New Applications
Competitive markets, new open trade provisions and new technologies have served to create the above-noted
market opportunity. Nevertheless, new applications and services are of parallel importance. Particularly
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Internet users and corporate Intranets, with their increasing thirst for multimedia applications at high data
rates, are driving up the demand curve sharply. Figure 1.2 shows the shift in global telecommunications
from voice-driven to video- and data-driven.

Fig. 1.2. The shift from voice to data and video.
Likewise, machine-to-machine communications are rising sharply as the overall percentage of human to
human telecommunications declines. Digital video channels (especially MPEG 2 systems), Internet and
Intranet applications are rising sharply around the world and represent the major market increase. There are
also emerging applications such as collaborative computing, distributed CAD/CAM, scientific visualization,
remote sensing data relay, messaging and navigational services, electronic publishing, and others that create
the demand for new telecommunications networks.
New Synergy: Common Service Platforms
The broadening of the types of satellite services that can be provided from space once served to create
several new families of satellites. Each of these has been allocated specific frequency bands by the
International Telecommunication Union (ITU) such as fixed satellite services (geosynchronous and nongeosynchronous), broadcast satellite services (BSS), and satellite networks for land, aeronautical and
maritime mobile satellite service (MSS).
For some period of time, as shown in Figure 1.3, these types or families of satellites could be mapped in
terms of utilized power. Today, new multi-purpose satellites capable of providing virtually all forms of
digital satellite services from a broadband and very high power common platform are starting to emerge. In
a digital environment in which services are defined by throughput rates and the size of transceivers, the
perspective is increasingly becoming, "a bit is a bit regardless of the service delivered." Systems such as
Euroskyways of Alenia Spazio, Skybridge of Alcatel, EAST and WEST of Matra Marconi, the Gigabit
Satellite of Japan, and most of the U.S.-based Ka-band multimedia satellites fit the profile of this new
"multi-purpose" platform capable of providing a wide range of digital services.
Using similar logic, new synergies and integrated platforms may evolve for space systems supporting space
navigation, data relay services and earth observation.

6

1. Overview

Fig. 1.3. Satellite power/mass and terminal antenna size trends.
New Architectures that Provide Services Direct to the Consumer
Traditionally, satellites have been used to advantage primarily for the transport of thin route traffic and the
distribution of TV to cable head ends and network affiliates. This is due to the ability of one satellite,
located at GEO in particular to provide communications continuity over one-third of the globe. Fiber, on the
other hand, is a point-to-point, wide bandwidth medium that typically requires significant traffic to justify its
installation. In the past, the customers of satellite service providers have tended to be large businesses, the
telecommunications carriers, and TV program distributors. A major change is occurring to include the end
consumer in this customer mix, with direct to the home (DTH), direct broadcast satellite (DBS), mobile
telephony, and Internet access as the primary services. This change is accelerating as a result of the insertion
of new technology onto satellites; namely increased power, phased array antennas, large diameter antennas,
multi-spot beam antennas, and on-board processing and switching. These changes allow satellites to be a
cost effective competitor to cable TV, cellular telephony, and the high bandwidth Internet service providers
in many parts of the world.
There is, however, a danger of a global over optimism in these heady days of rapidly expanding satellite
communications. There are clearly limits to market growth of satellites, and many key challenges are yet to
be overcome. If all of the proposed and planned communications satellite networks that have been filed at
the FCC or the ITU were to be built, there could easily be tens of billions of dollars of facility oversupply by
2005.
The recently proposed satellite based, high data rate Internet services are aiming at a moving target, as the
terrestrial network is embracing new technology at an impressive rate. The effective bandwidth of fiber is
increasing many-fold with the introduction of dense wavelength division multiplexing (DWDM), and with
optical switching and multiplexing approaching commercial viability. In addition, LMDS, MMDS, cable
modem, and xDSL technologies are all vying for this business, to provide high bandwidth services to homes
and small businesses, at low cost to the subscriber. Satellite systems with five years or longer lead times
must not miscalculate where their competition will be a half decade from now. There is thus the risk that
some of the proposed new multimedia broadband satellites will not be deployed quickly and effectively
enough to out-compete new terrestrial networks. Some shakeout among the proposed forty or so new Ka
and QV-Band satellite systems will thus likely occur, including combinations of U.S. and international
systems (i.e., Cyberstar and Skybridge).
The greatest danger, however, may be that over-optimism exists with regard to the global market for satellite
land mobile services. The clash between GEO land mobile satellite systems and global LEO/MEO networks
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could result in oversupply of capacity in this area while a small new market is trying to emerge. While the
satellite industry is strong enough to sustain some losses, a broad pattern of oversupply and system failures
would have negative impact on the industry. U.S. service providers and equipment suppliers are likely to be
among the most exposed. Organizations that have spread investment broadly are positioned against future
risks more effectively than those that have retained majority ownership in the bold, new ventures in satellite
communications. Unfortunately, for the satellite industry (both in the United States and worldwide) this
narrow window of opportunity is perhaps no more than 10 years long. New fiber optic systems to the home,
hybrid fiber-coax networks of cable TV systems, cable modems, ASDL multiplexing systems over copper
wire, PCS networks, and broader band MMDS and LDMS wireless networks are all after this same market.
Those seeking to succeed in this same highly competitive multi-billion dollar market will have little more
than a decade to establish their market share.
The key to future commercial success for the new high data rate satellites will be the ability to provide
broadband downstream and narrower band upstream services to the home and office with terminal
equipment that sells for well under $1,000 and is user-friendly. The constraint for the satellite industry will
be to offer to the consumer the entire ground system (antenna, electronics and interface as well as
installation) at a remarkably low cost. The under $1,000 threshold must be achieved even if much more has
to be spent on complex and high powered satellites. U.S. space communications firms that have more
experience with fully competitive and bypass markets seem to understand quite well the urgency of this
challenge to move into this new market niche before it is filled by others.
New Players in the Commercial Space Communications Market
The dimensions of the "players" in satellite communications have also broadly expanded. While not entirely
new, the cast has certainly been extensively revised. As already noted, several countries not included in the
1992/1993 study are now significant, including Brazil, China, India, Israel, Korea, and Spain, and a
resurgent Russia, all of which have specific new plans for 21st century space telecommunications.
In addition, new commercial entities not involved in providing satellite communications services at the time
of the previous report are now playing key roles. Five years ago the key players in aerospace and in
telecommunications were very much the same key players of the 1980s; today, though, there have been a
number of partnerships, strategic alliances and mergers among them. The satellite industry is now populated
by new players of various types. Established corporations, long involved in supplying equipment but not
previously involved in providing complete satellite communications systems, have quickly transformed into
service providers. Examples include Motorola, Raytheon, Loral, Orbcomm, General Electric, Boeing,
Lockheed Martin, Matra Marconi, Alcatel, Alenia, etc. Others are entirely new ventures such as Teledesic,
Morningstar, Network 28, Visionstar, Echostar, Apstar, Worldspace, Afro-Asia Communication, Ltd. of
India, Thuraya Satellite Telecommunications of Abu Dhabi, etc. (These projects have different degrees of
commercial viability but they clearly define a new order in the satellite field.)
In addition to changes driven by new technology and projected market growth for multimedia satellite
services, an aggressive new pattern of acquisitions, mergers, and partnerships has evolved, largely within
national markets but also in new multi-billion dollar satellite projects that involve new global partnerships, as
in the case of Lockheed Martin forming strong alliances in Russia, and the Motorola alliance with Matra
Marconi. These changes have been driven by rapidly emerging demand for new types of services, especially
those related to direct to the home video, Internet and Intranet services, including multimedia requirements
of business.
Regional Differences as to Competitive Markets
There are remarkably different strategies and approaches to satellite telecommunications around the world.
The most complex region is probably Europe. There are 11 members of the European Union, 14 members
of the European Space Agency and 43 member of the Council on European Post and Telecommunications
(CEPT). Today there are the joint programs of ESA, the additional space telecommunications projects of the
EU and a growing number of national satellite communications development projects in France, Germany,
Italy and Spain. The coherence of space communications development in Europe of five years ago is now
much more fractionated but somehow stronger—in part due to projects such as France's Stentor, and in part
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due to mergers such as those completed and planned by Matra Marconi (with a projected 8,000 consolidated
employees by the end of 1998).
Japan’s space telecommunications industry is becoming more technology-focused with clearly differentiated
roles. NEC largely emphasizes ground systems, Toshiba has concentrated on large aperture antennas, and
Mitsubishi is now the key systems integrator. Further, Japanese industry, freed from past trade restraints, is
expected to bid vigorously for regional and global satellite systems, with Mitsubishi moving particularly
strongly in this respect.
Korea’s Hyundai plans to follow suit as a total system supplier, while Korea Telecom and SK Telecom have
strong plans as regional service providers. If one looks for entirely different models for new satellite
planning for the 21st century, there are the examples of Brazil and India. In Brazil there are plans to use an
innovative new equatorial circular orbit for the ECO-8 system that would provide services to countries along
the equatorial belt. The Brazilian space agency INPE will in future years contribute to new innovations in
the space applications field, both on the ground and in the space segment.
India’s satellite program, now thirty years old, has achieved steady and impressive growth. Determined
pursuit of multi-purpose satellite technologies and development of launch technology has now reached a
very sophisticated level in India’s designs for INSAT 3 and its corresponding launch system. These systems
are for internal use and not for export. There are valuable lessons to be learned from the Indian model in
terms of integrated applications and incremental design. Clearly self sufficiency in launch technology is
related to national defense considerations.
The North American picture is also complex. Canadian suppliers are seeking to define niche markets with
COM DEV achieving good success. Major U.S. suppliers, such as Hughes, Lockheed Martin, Loral and
Motorola are looking abroad for compatible suppliers and partners. Europe and the United States are similar
in that massive investment in complex launch systems (i.e., the Shuttle and Ariane 5) and the International
Space Station have tended to drain research resources away from commercial application programs.
Meanwhile Korea and Japan are investing up to 20% of their space programs’ resources in applications.
Mapping the complex patterns of national and regional relationships in space communications was hard five
years ago. It is even more difficult today.
The Strategic Force of New Ground Systems
Despite the high level of publicity given to the design and characteristics of many exotic new satellite
systems, the key to market success and competitive advantage over terrestrial alternatives will hinge on the
cost and performance of the associated satellite ground terminals. Motorola and Teledesic have probably
pushed satellite technology the furthest, but for these systems to succeed they will need to supply millions of
low cost ground units. In particular they will need to ensure the supply of millions of such terminals through
automated assembly at a unit cost of much less than $1,000 to be competitive. Whether this can be achieved
with traditional reflector technology, with mass-produced phased array antennas or some other technology
means remains to be seen. Ironically, the market success of multimedia satellite communications in the 21st
century will likely live or die on the basis of the cost and user convenience of the ground systems.
KEY TECHNICAL ISSUES AND FINDINGS
New Paradigms for Satellite Design, Prototyping and Manufacturing
Clearly, satellite manufacturing is at a crossroads. The traditional pattern of highly specialized, customized
satellites, designed and built a few at a time, is changing. More emphasis is placed now on the use of
common buses and the use of CAD tools to customize the communications payload.
We are experiencing a move towards new mass produced systems. In this case many satellites are produced
at once in an assembly line environment. Integration and testing is highly automated. The extent and nature
of testing will be greatly reduced after prototyping and initial production is accomplished. The essence of
this new systems design and mass production manufacture is represented by the Globalstar, Teledesic, and
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Iridium constellations. If this approach proves successful it will be widely emulated in future years. It is
believed that such techniques can reduce the cost of satellites by a factor of two to four. There are clear
signs that Korean, European and Japanese manufacturers are attuned to this new production approach and
have already learned a good deal from direct participation in the Iridium and Globalstar projects in this
regard.
Although such innovations started with U.S. firms, others are already actively learning and applying this
approach. Clearly it is to be used with the 64 satellite Skybridge system (Sativod) of Alcatel.
New High Powered Platforms
One of the key technical trends in response to the deployment of LEO and MEO satellites has been the
design of large aperture GEO systems with very high power systems. Power sub-systems in commercial
satellites five years ago produced no more than 7 kw; now for systems such as Agrani, Thuraya and ACeS,
power levels have jumped to 8 to 12 kw. Designers have begun to discuss large flexible or "floppy" (i.e.,
non-rigid) solar arrays generating 50 to 60 kw (see trends discussed in Figure 1.3). At the same time,
intensive efforts are underway to improve solar cell performance (gallium arsenide/germanium, multijunction cells), with promise of solar cell efficiencies above 30%. Work continues on solar radiation
concentrators, for example in Project VIOLET.
There are parallel efforts to improve battery (i.e., lithium ion) and fuel cell technology in order to produce
higher and higher powered satellites. Even nuclear power has been discussed by some longer range satellite
planners.
Critical Future Technologies
A survey of world satellite telecommunications technologies has shown that dozens of key long-term
technologies are needed for the 21st century. Critical technologies for future satellite communications
systems are:
•

batteries

•

devices and structures for phased array and multiple spot beam antennas on the ground and in space

•

fuels and combustion structures for launch vehicles

•

high frequency (>20 GHz) devices

•

materials for electronic devices

•

solar cell materials and structures

•

network technology for high data rate, integrated space and terrestrial systems

•

optical components and sub-systems

•

radiation resistant device structures and circuits

•

strong and light-weight material

•

thermal dissipation materials

In addition, experimental satellites are perhaps needed that can be used to test out new technology that
cannot easily be tested on the ground. At the systems level, the future of satellites could also be impacted by
high altitude, long endurance platforms which would operate from 65,000 to over 100,000 feet, such as
airships and loitering aircraft. Such systems could be used to substitute for satellite communications in
regional applications or could be used in conjunction with satellites as a system capacity multiplier over
populated areas. Most of the technology required for these systems has been developed under U.S. defense
funding but is spreading to other countries such as Canada, Germany, Italy and the U.K.
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Strategic Planning for Future Technology Development
A balanced perspective is needed as to the appropriate future direction of NASA’s satellite communications
program. What might be very useful would be the counterpart of the Japanese Vision 21 strategic plan,
which is a broad roadmap to the future. This plan, which was independently developed by industry and
policy officials, establishes information and telecommunications goals for the future of Japan and tries to see
where gaps, overlaps and opportunities for the future may lie in terms of applications, services and
technology.
A white paper on satellite technology could perhaps be developed by a coalition of representatives derived
from NASA, industry and academia. Such a white paper could indicate a new consensus with regard to the
21st century role of satellite communications vis-a-vis The global information infrastructure (GII). Such a
paper would be extremely helpful not only to the aerospace and telecommunications industry, but the U.S.
government as well. This document would simply indicate, after extensive national collaborative input: (a)
the technologies, systems, and services which it is believed that industry can develop on its own; (b) the
technologies, systems, and services where it is believed that collaborative government/industry/university or
even international collaborative projects are appropriate and needed (this should logically be reviewed and
vetted by industry and university representatives); and (c) the technologies, systems, and services which the
government will undertake to fill special niches with respect to public social needs and/or emergency
services. No such clear roadmap currently exists for the United States.
Based on the findings of this study, a clearly defined and focused program in pre-competitive satellite
communications technologies would seem highly desirable in the technology areas listed above.
POLICY AND REGULATORY ISSUES AND FINDINGS
Some have very high hopes for the implementation plan of the World Trade Organization (WTO) as it
relates to the new accords reached with respect to trade in telephone services under the General Agreement
on Trade in Services. These individuals see these new accords as providing both the basic framework for
deregulating telecommunications and also solving most of the problems in providing open market access for
satellite communications. Unfortunately such outcomes seem unlikely.
Inmarsat has documented dozens of cases of major constraints in international satellite trade in terms of
unreasonable landing rights agreements, annual licensing fees for terminals, non-tariff barriers, and so on.
Countries forming competitive systems at the legislative level are in some cases maintaining a de facto
quasi-monopoly environment. WTO enforcement procedures will not necessarily be able to alter the
"voluntary reforms" offered because of the loophole language that allows many types of exceptions to be
formally accepted. Further, WTO enforcement procedures are essentially weak.
Other key policy issues encountered in the site visits were concerns about allocation of frequencies and
orbital slots and how to provide adequate protection against "paper satellites." There were also concerns
expressed about the adequacy and effectiveness of intersystem coordination procedures and how assigned
frequencies might be more effectively used by more multi-purpose allocations. Further, there were concerns
about security and privacy of information being relayed on satellite systems, and how this might be better
achieved by more effective international security standards.
The numerous site visits with U.S. government agencies, U.S. industry, and many agencies and companies
around the world confirmed that serious standards, trade, frequency allocation, security, intersystem
coordination procedures, landing rights and licensing issues remain to be solved.
Most important of all is the need to develop protocols for seamless interconnection of satellite, wireless and
terrestrial fiber networks. In the 21st century inter-connection of satellite systems, particularly via
intersatellite links, will be a key challenge. Connecting them to low latency terrestrial networks is truly a
challenge. Current mechanisms to develop needed protocols in a timely manner (such as the ITU) do not
seem adequate to the task. Leadership by NASA and other U.S. government agencies may be required.
Some work by the Satellite Division of the TIA is actively addressing these issues and its work should be
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encouraged, but this is far from enough. The greatest barrier to satellite communications participating in the
NII and OII is that of effective interoperability standards.
In fact, these policy challenges and protocol developments are likely to be more time-consuming and involve
more human and financial resources than the development of new satellite technologies.
Concern About the U.S. GPS Monopoly
In a related field there have also been important new approaches to space navigation as they pertain to
aeronautical, automobile, and even personal location services. The panel detected growing concern and
frustration with the U.S. “virtual monopoly” in this field through the GPS network. The French (particularly
Aerospatiale), and Inmarsat have launched detailed planning projects to offer alternative space navigation
systems. In addition, position fixing as an adjunct service in a satellite communications system is being
preserved as an option and Boeing has now filed for a 2 GHz system that provides both communications and
navigation. However, the fact of the GPS system’s existence at no cost to users, and the availability of low
cost receivers, may effectively eliminate other navigation and positioning systems as revenue services.
KEY DRIVERS FOR THE FUTURE
Clearly satellite communications has a bright future. This is due not only to exciting new technologies but
also because of satellites’ ability to provide broad coverage, mobile services, and services direct to the
consumer. They can also supply cost-effective broadcasting services, together with the ability to provide
instantaneous re-deployment of capacity, instantly provide communications infrastructure, and avoid costly,
time-consuming trenching operations, and provide overall flexibility and reliability.
The next ten years are a critical window of opportunity for satellites with respect to countries with developed
economies and perhaps twenty or more years for developing and industrializing countries with more limited
terrestrial communications infrastructure. The following would seem to be key guideposts to the future:
1. whether the global shift to fully competitive telecommunications markets continues
2.

whether new global trade agreements under the WTO are strenuously enforced and whether serious
barriers to new satellite services continue to be encountered around the world

3.

whether critical new technologies in optical communications, high power generation and storage
systems, on-board processing systems, advanced antenna technologies and lower cost launch systems
evolve and whether these evolve in the United States or in other parts of the world

4.

whether there is continuing global consolidation, merger and partnerships both in the spacecraft design
and manufacture industries, and in the satellite communications service delivery industries, and how fast
this takes place

5.

whether INTELSAT, Inmarsat, and EUTELSAT and/or their subsidiary spin-off organizations are able
to adapt to fully competitive markets and whether the parent organizations are “privatized,” and become
truly competitors without special protection under intergovernmental agreements

6.

whether effective standards to support global hybrid wire, terrestrial wireless and satellite seamless
interconnection can be developed in a timely way and whether the ITU proves to be the effective body
to provide needed protocols and standards in a timely way

7.

whether new broadband, multimedia services and applications will expand modestly, moderately or
explosively over the next five years and whether dramatically different patterns of telecommunications
will evolve around the world

Current filings for future satellite systems, planned and newly operational systems are premised on explosive
growth for new high data rate services and surging consumer demand. Optimistic projections of service
demand now translate into huge new multi-billion dollar satellite systems which are typically too expensive
to be entirely capitalized by even very large and established commercial organizations. This has led to a
dizzying array of new alliances, partnerships and global coalitions.
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There is thus much uncertainty as to the nature, direction and speed of change for the satellite industry. Even
so, prudent steps toward the future are indicated despite the uncertainties. Such steps include the following:
1.

Recognize the special synergy and relationships that exist within the commercial and defense
communities in telecommunications and satellites. Much of the current surge in satellite
communications technologies and systems can be traced to strategic defense developments and NASA
ACTS technologies. In Europe, projects such as STENTOR stem in part from being able to have direct
military involvement by the French DGA. Japan’s proportionately higher funding of experimental
satellite communications in part derives from being able to apply resources not spent on military
programs. Basic and fundamental research in such areas as high frequency materials and devices, and
solar cell technologies, from the U.S. perspective, will be severely eroded by decreased military
spending. Somehow this gap in basic research support needs to be filled and quickly so.

2.

U.S. government focus on key satcom pre-competitive technologies. The experience of ESA in
Europe should be instructive to NASA. Industry and national governments in Europe have tended to
lessen support for ESA R&D in the satellite communications field. The reasons given include: (a)
slowness in implementation; (b) high overhead; (c) separation of military and civilian research activities;
(d) lack of longer range vision in developing truly pre-competitive technologies; and (e) national
industrial interests. In Japan and Korea support for research by CRL, MITI and others seems to have
been strong; the MPT Vision 21 strategic plan provides clear, long-range goals and enjoys industry
support. NASA could likely benefit from examining in more detail the strengths and weaknesses of
governmental satcom R&D in these other regions. Clear long-term goals for critical but pre-competitive
technologies would seem to a step in the right direction.

3.

International cooperative projects. At the many international sites this panel visited, the subject of
international cooperative projects and R&D partnerships was explored. There was a natural desire
expressed to make limited research funds go further. It was rather broadly noted that the current highly
competitive commercial satellite communications environment limits opportunities. The possibility of
the United States joining Japan’s OICETS or Europe’s SILEX experiments was highlighted several
times. It was also noted that developing, demonstrating and standardizing space based broadband
applications for the Global Information Infrastructure under the G7 Information Society framework (a
spin-off of the 1992 study) was not only successful to date, but should be further strengthened and more
prominently backed if at all possible. Developing and demonstrating new applications, in short, was
considered much easier to accomplish through international cooperation than developing new
technologies having competitive implications.

4.

Key new policy, regulatory, standards and trade initiatives. Action in these arenas may be more
important than new technology. Some countries want multi-million dollar payments for landing rights
for new satellite systems and wish to charge annual licensing fees for consumer terminals ranging from
$1,000 to $10,000 per terminal. The viability of the new global land mobile satellite systems may
actually hinge on such issues, more than on their technical design. Tariff and non-tariff barriers to
satellite communications services and ground terminal licensing still exist. The new World Trade
Organization Agreement on Trade in Telecommunications Services, as largely agreed by over 70
countries as of May 1998, is still subject to many loop-holes and has many weaknesses in enforcement
provisions. ITU and regional standards-making groups, such as ANSI and the TIA in the United States,
the TTT of Japan and ETSI of Europe, have yet to develop truly seamless standards that allow
interconnection of terrestrial wire, wireless and satellite systems. These, and similar issues noted in the
earlier section on this subject, are substantial barriers to the global development of 21st century satellite
networks—much more so than technological challenges.

5.

Institutional and financial challenges. The structured world of telecommunications monopolies and
the global unity of universal international organizations such as INTELSAT, Inmarsat, etc., has clearly
passed away in the wake of competitive systems. Further, the digital revolution of telecommunications,
information systems and entertainment industries has reshaped global markets. To bring order to the
currently rather chaotic environment will not be easy. There are no simple answers to such issues as
"paper satellites," competitive standards initiatives, competing practices of global financial syndicates,
and "random use" of frequencies for other than assigned services. Policy makers this panel surveyed
indicated varying kinds of support for reform, such as stricter provisions related to the filing of “paper
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satellites,” for multi-purpose frequency allocations, streamlined procedures for standards-making, and
exacting standards for fund-raising and disclosures of conflicts of interests in capital financing. In large
measure the ITU itself has lost a good deal of power and influence to regional organizations such as
ETSI, and is really not in a position to undertake meaningful world-wide strategic planning exercises in
today's competitive commercial environment.
6.

Education for the future of the satellite communications industry. Today, consolidation is still going
on (i.e., Lockheed Martin, Boeing, Matra Marconi, etc.). The resulting down-sizing and streamlining
are reducing somewhat the workforce in aerospace and satellite communications. In the relative near
term, it appears likely that there will be a shortage of qualified personnel in areas related to spacecraft
design and manufacture, ground segment manufacture, and terrestrial/wireless interface and standards.
Further, there are only a very few university level programs and professional training groups supporting
the field of satellite telecommunications. Several organizations in the United States and Europe have
indicated concern that future training needs, including in-service training for employees, will be a
growing problem over the next ten years (Even Thailand has recently projected an anticipated deficit of
7000 telecommunications engineers per annum as of the year 2000.)

7.

Launch systems. Major gains have been achieved in satellite platforms, as well as ground systems over
the last five to ten years, but the high cost of placing spacecraft in orbit has been remarkably static and
remains the single largest cost driver for satellite systems. One of the key critical success factors for the
satellite industry is in getting substantial reductions in the cost of putting LEO, MEO and GEO satellites
into orbit without sacrificing in launch reliability. Marginal gains in cost efficiency of 10% to 16% are
not enough to make a difference. Particularly for LEO systems, major strides forward are needed.

OUTLINE OF THE REPORT
The rest of this report details the observations and findings from this extensive study, derived from the site
visits in the United States and around the world, which were conducted to derive a first hand assessment of
the state of the global satellite communications industry in 1997/98. Chapter 2 discusses market forces and
future drivers which will fashion the satellite communications business in the years ahead. Chapters 3 and 4
describe key technology trends in satellite systems, and ground and launch systems. Chapter 3 focuses on
space segment technologies, while Chapter 4 discusses ground segment technologies, together with
technologies related to networking and interoperability. Launch systems technologies are also discussed in
this chapter. Chapter 5 discusses key policy and regulatory issues, which may be determining factors in the
success or failure of some of the ventures currently on the drawing board. The final chapter, Chapter 6,
presents a country-by-country or regional perspective which bridges the gap between individual site reports
and the overall global situation.
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CHAPTER 2

MARKET FORCES AND FUTURE DRIVERS

MARKET FORCES
Introduction
Satellites are uniquely suited to certain applications. These include (1) broadcasting, (2) service to mobile
users (including ships, aircraft, land mobile and emergency services), and (3) providing nearly “instant
infrastructure” in underserved areas. This last feature is the basis for a large number of recent filings in the
United States for Ka-band systems, many of which seek to offer global or nearly global service. A
significant factor in these plans has been the growth of the Internet (and the rise of corporate “intranets”)
which shows no sign of abating, despite the poor access that most users currently enjoy. Thus, the fielding
of some of these Ka-band systems could overcome “the last mile connection” problem encountered in most
developed countries (as well as permit a host of new services to be offered elsewhere in the world). This
would be a role not previously served by satellites, but there are several rival technologies being pursued by
the telephone and cable companies that could limit the market penetration that satellites achieve.
This Section discusses three telecommunication trends that are fueling interest in satellite systems. These are
direct-to-the-home television (DTH) broadcasting, or direct broadcast satellite (DBS); the enormous growth
in wireless hand-held phone usage (cellular, personal communication services (PCS) and paging); and the
growth in the number of personal computers (PC’s) in the world, increasing numbers of which are
multimedia ready and are being used to interconnect with the Internet and/or collect information from the
World Wide Web. These three topics are treated in turn in the sections that follow.
Direct Broadcast Satellite
The distribution of TV signals via satellite began in the United States as an inexpensive means of delivering
program material (e.g., CNN news) to several hundred cable head-ends spread over the country. This
service began at C-band and caused satellite manufacturers (such as Hughes) to launch powerful domestic
satellites carrying many transponders so that many cable systems could receive all of their program material
with a single earth-station antenna. In time, a cottage industry developed, selling C-band receive-only
systems (with typically 2 or 3 meter (8 or 10’) diameter antennas) to consumers to eavesdrop on these
broadcasts. The number of such installations is now thought to be around 2 million.
It is widely believed that a small size receiving antenna—something that can readily be mounted on the side
of a house, for example—is necessary to reach a large subscriber base. Hughes has been the first to
approach this market. In 1994 it launched a high-power (~120 watts/transponder) 16-transponder satellite
(DBS-1) capable of beaming over 100 digitally-compressed TV channels to viewers, who receive the signals
with a 45 cm (18”) diameter antenna and set top box converter costing initially about $700. (Prices have
since dropped because the service providers have begun to subsidize the purchase). Further capacity
increases were achieved with the launches of DBS-2 and DBS-3, and this service (known as DirecTV) was
expecting to have over 3 million subscribers by the end of 1997. Hughes DirecTV and Stanley Hubbard’s
United States Satellite Broadcasting (USSB) both use these satellites.
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Primestar, which is owned by the five biggest U.S. cable companies (COMCAST, Continental Cablevision,
Cox, TCI, and Time Warner) offers a competing service via a GE Americom satellite placed in service in
January 1997. Primestar’s subscribers must use a large 1 m (3’) dish, but do not have to purchase the
equipment whose cost is recovered via the rental agreement. At year-end 1997, Primestar had over 1.9
million subscribers and Echostar had close to one million subscribers. It should be noted that there are
currently 2.2 million subscribers to the C-band backyard systems.
MCI and News Corp. won the rights (at a cost of $682.5 million) to occupy the last Ku-band slot from which
to broadcast over 200 channels across the nation via a partnership known as American Sky Broadcasting
(ASkyB), but MCI has since indicated its desire to scale back its involvement. This forced Time News to
seek a merger with Echostar, which is due to receive its powerful Echostar III satellite (being built by
Lockheed Martin) in 1998. In addition, TCI plans to inaugurate DBS service at the end of 1997 with a highpower satellite launched into an orbital slot it already controlled, and to use digital compression to deliver
Primestar programming to smaller dishes, as well as to cable head ends for distribution on existing cable
networks that have limited capacity. Current expectations are that U.S. DBS subscribers will number about
6 million by the end of 1997 and could be double this number by the end of the year 2000.
DBS has enjoyed an even more solid growth in Europe, in part from an earlier start, and in part from the
poorer penetration of cable systems. A French media group based in Paris, (Canal+) launched a direct TV
service in 1995 via the Luxembourg-based Astra satellites. The British Sky Broadcasting Group offers DBS
to 5 million U.K. subscribers. In all, it is estimated that there are 25 million European subscribers to DTH
pay TV.
In Latin America, there is competition between a consortium (consisting of TCI, News Corp., Globo (Brazil)
and Grupo Televisa (Mexico)) and Hughes DirecTV to capture their share of a potential 400 million viewers.
By far the largest market for DBS may be in Asia, which already has DirecTV and Rupert Murdoch-owned
Star TV. In Japan, the Sky Broadcasting Company (JSkyB) and Sony launched a digital satellite TV project
in April 1997. “PerfecTV,” Japan’s first digital TV broadcaster, had an audience of over 80,000 for its 65
channels within 2 months of its launch in 1996. Several single country projects are now underway in various
other parts of the Asia Pacific region.
According to some forecasts, the DTH market is likely to grow to over 100 million subscribers worldwide
with as many as one-third in the Asia-Pacific region by 2010. The total annual revenue generated by these
services could be in the region of $20 billion.
Several factors have contributed to the rise of interest in DBS systems. Digital compression has allowed the
delivery of good quality NTSC pictures at a bit rate of only 1.5 Mbps, allowing up to 10 TV pictures to be
transmitted simultaneously by a single high-power Ku-band transponder. Thus, with a single satellite
operators can offer upwards of 100 channels, and compete effectively with the cable companies.
Another technical advance has been in the manufacture of reliable highpower (> 100 watt) Ku-band
traveling wave tubes. Next, rising standards of living throughout the world, bringing about more leisure
time (and disposable income), have created the demand for new sources of entertainment that DBS can
readily fill.
Satellite PCS
In 1996, the United States had almost 40 million cellular telephone subscribers, while Western Europe had a
little over 30 million, Japan perhaps 15 million and Latin America only 5 million. In the United States the
expectation is that the number of subscribers to wireless phone services will double by 2000, with less than
half being served by the older analog (Amps) service and the rest being served by newer digital ones
(CDMA and TDMA) as well as personal communications (PCS, which is offered at higher frequencies). By
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2005, the number of subscribers to these services is expected to exceed 250 million worldwide with the
largest concentrations in Asia, the United States and Europe in that order.
The demand for personal portable telephones has greatly exceeded the expectations of all the early forecasts,
and has caused several groups to attempt to offer this type of service via satellite. Spurred by a bold plan by
Motorola to build a global system using 77 (later changed to 66) low-earth orbiting satellites known as
Iridium, several other companies followed suit with designs for competing systems. Table 2.1 summarizes
the properties of three global systems and Table 2.2 the communications characteristics of these systems and
two regional systems that are also believed to be under construction.
Table 2.1
Proposed New Global Satellite PCS Systems
Parameter

Iridium

Globalstar

ICO-Global

Ellipso

ECCO

No. of Active Satellites

66+6
spare

48

10 +2 spare

14 + 3 spare

11 + 1 spare

No. of Satellites per Orbit Plane

11

8

5

2 inclined and 1 equatorial

1 (initially)

No. of Orbit Planes

6

6

2

4 and 6

11

Orbit Altitude (km)

750

1,414

10,355

N.A. 8,040 equatorial

2,000

Orbit Inclination

86.5°

52°

45°

116.5

0°

No. of Spot Beams/Satellite

48

16

163

61

32

Reported Cost ($billion)

4.7

2.5

4.6

0.91

1.15

Table 2.2
Communications Characteristics of the Proposed New Satellite PCS Systems
Parameter
Mobile User Link
Frequency, U/D (GHz)
Bandwidth (MHz)
Spot Beams/Satellite
Voice Bit Rate (coded) kbps
Feeder Link
Frequency U/Down (GHz)
Gateway Antenna G/T(dB/K)
User Terminal
Multiple Access
Carrier Bandwidth (kHz)
Carrier Bit Rate (kbps)
Modulation
Rf Power (W)
G/T (dB/K)
Nominal Link Margin (dB)
Nominal Capacity/Satellite (ckts)

Iridium

Globalstar

ICO-Global

GEO Regionals

1.62135-1.6265
5.15
48
4.2(6.25)

1.6100-1.62135/
2.4835-2.49485
11.35
16
2.4

1.980-2.010/
2.170-2.200
30
163
4.8 (6.0)

1.525-1.559/
1.625-1.6605
34
>240
3.6(5.2)

30/20
24.5

5.1/6.9
28.5

5.2/6.9
26.6

14/12
37.0

TDMA-FDMA
TDD, 31.5
50
DQPSK
0.45
-23.0
16.5
1,100

CDMA-FDMA
1250
2.4
PN/QPSK
0.5
-22.0
3-6*
2,400

TDMA-FDMA
25.2
36
QPSK
0.625
-23.8
10
4,500

TDMA-FDMA
27
45
QPSK
0.5
-23.8
10
16,000

* For a small number of channels this can be raised to 11 dB.

The Iridium system is being built by Motorola, together with subcontractors (e.g., Lockheed Martin,
Raytheon, COM DEV). It consists of a fleet of 66, low earth orbiting satellites at 780 kilometer altitude.
Eleven satellites will be equally spaced in each of six, circular, nearly polar orbits. Subscribers access the
satellites via L-band spot beams (each satellite can activate up to 48) using a TDMA scheme for transmitting
voice, coded at 2.4 kbps, or data. Each satellite can handle up to 1,100 simultaneous calls. TDMA packets
arriving at a satellite are demodulated and, depending on their destination, routed (at 20 GHz) to a gateway
earth station (if one is in view), or (at 23 GHz) to the satellite ahead or behind in the same orbital plane, or
the satellite to the east or west in the adjacent orbital plane. The public switched network will be connected
to the system via 11 geographically distributed gateway earth stations. Motorola expects the Iridium system
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to be in full operation by the end of 1998. The Globalstar system, being built by Loral and QUALCOMM,
employs 48 satellites at 1,414 km altitude arranged with eight satellites equispaced in six circular inclined
orbits. The orbit inclination is 52°, thereby concentrating the satellite availability to the more populated
regions of the earth (i.e., below 70° latitude). This arrangement also permits two satellites to be above the
horizon most of the time for subscribers below about ±65° latitude, affording diversity-path routing. This
will help in overcoming blockage by buildings or other obstructions. The satellites each employ 16 beams
operating at 2.5 GHz for the satellite-to-subscriber link and the same number at 1.6 GHz for the subscriberto-satellite link. The satellite-to-gateway and gateway-to-satellite links are at 5 and 7 GHz, respectively.
The satellites carry no on-board processors and operate as “bent pipe” repeaters. Users employ handsets
operating in a digital CDMA fashion (similar to the QUALCOMM cellular CDMA system) with an average
rate of 2.4 kbps. To access a satellite requires that the user be within about 1,000 miles of a gateway earth
station. At present, there are plans to construct over 100 gateways. However, Globalstar will not be able to
offer true global service (unlike Iridium) and is more likely to cater to individuals who travel (or live) in
unserved parts of their own countries, rather than international business travelers (the primary target market
for Iridium).
A third system under construction will employ satellites in medium earth orbits (MEO) at 10,000 km
altitude. This is being built by a spin-off from Inmarsat called ICO-Global, which plans to put five satellites
into two orbit planes inclined at 45°. These satellites, which are being built by Hughes, will each use 163
spot beams, requiring onboard processing to route the signals to the correct beam. This system is expected
to be in full operation by 2001.
Despite the apparent headstart of these three systems the FCC recently licensed two additional entrants.
Mobile Communications Holdings, Inc. (MCHI) received a license for a 17 satellite system called Ellipso
and Constellation Communication, Inc. (CCI) received a license for a system of 12 satellites orbiting above
the equator called ECCO. It remains to be seen if there is sufficient risk capital available for all of these
systems to be completed.
Table 2.2 also lists the parameters of typical geostationary regional systems––a number of which have been
proposed as listed in Table 2.3. The status of some of these proposed systems is not presently clear;
presumably they are seeking financing and regulatory approval. Known to be definitely proceeding are the
Asia Cellular Satellite System (ACeS) being built by Lockheed Martin to serve southern China, Thailand,
Indonesia and the Philippines, and Thuraya being built by Hughes to serve the Middle East. These systems
will likely require a higher degree of user cooperation (e.g., finding a clear view of the satellite) and involve
the technically risky proposition of unfurling two large (10-12 m) antennas in space. They do, however,
appear capable of offering a lower cost service to subscribers in their coverage area than any of the global
systems, and could be a distinct threat if several are in fact built.
Table 2. 3
Proposed New Regional Mobile Satellite Communications Systems
System

Manufacturer

No. of Satellites

Launch Date

Thuraya

Hughes

1

1999

ACeS

Lockheed Martin

2

1998

East

Matra Marconi

1

2000

Satellites for Fixed Services
Several factors are driving an explosion of interest in fixed satellite service (FSS) systems. These include:
•

strong growth in demand for telecommunications services worldwide, and especially for data service
(fueled by use of the Internet)

•

liberalization of telecommunications markets through deregulation and through the WTO agreements
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•

the ability of satellites to provide “instant infrastructure” requiring little in the way of civil works (which
can be expensive)

•

a number of large U.S. aerospace companies looking for new opportunities in the commercial sector,
with the end of the Cold War

•

the fact that large players, such as Motorola, have chosen to enter the market

Unfortunately, it has become extremely difficult to secure an orbital location along the geostationary arc
from which one can operate at C or Ku-band without interfering with traffic on adjacent satellites. While
additional frequency assignments for commercial satellite use have existed at Ka-band (roughly wavelengths
in the 1.5- to 1-cm range), these have not been considered until now owing to the fact that rain absorbs these
wavelengths, and little in the way of earth terminal equipment is available for this band. The success of
experimental Ka-band satellites launched by the United States, Europe, and Japan, together with the absence
of other available spectrum, has caused what amounts to a “land rush” to file for geostationary orbital
locations for Ka-band systems. Presently on file with the ITU are applications for more than 170 orbit
locations, of which about 50 are from the United States alone.
Within the United States, the FCC conducted a rule making for proponents of new Ka-band systems.
Fourteen applicants filed for systems, including such large companies as Hughes, Motorola, AT&T, and GE
Americom. Thirteen applications were for geostationary systems, and one (Teledesic) was for a system
operating in LEO. AT&T subsequently withdrew its filing, and Motorola has apparently decided not to
pursue Celestri, a system it had proposed before becoming a prime contractor for Teledesic.
In May 1997, the FCC authorized construction of the 13 proposed Ka-band systems, and allocated orbit
locations to the 12 that plan to employ geostationary satellites. All systems must begin operation by 2002 or
risk losing their licenses.
The proposed systems would accelerate realization of both national and global information infrastructures
(NII/GII), particularly in regions of the world where terrestrial telecommunications infrastructures are
nonexistent or inadequate for high-speed communications. Satellite-based systems are also indispensable for
emergency communications services, speedy news gathering, mobile communications, and military
applications.
Proposed services include voice, data, video, imaging, video teleconferencing, interactive video, TV
broadcast, multimedia, global Internet, messaging, and trunking. A wide range of applications is planned
through these services, including distance learning, corporate training, collaborative workgroups,
telecommuting, telemedicine, wireless backbone interconnection (i.e., wireless LAN/WAN), video
distribution, direct-to-home video, and satellite news-gathering, as well as the distribution of software,
music, scientific data, and global financial and weather information.
Probably the single largest market seen by all of the proponents of these systems is the growth of personal
computers and their access to the Internet. It is estimated that worldwide there were 300 million PCs in
1996, with annual sales of 60 million (although many of these went to replacing older units). The sale of
PCs has been spurred by dramatic performance improvements (roughly a factor of two every 18 months) at
no increase in price to the consumer. In the United States the percentage of households having PCs in the
home is 38.5% while in Europe it typically ranges between 40% and 60%. The number of these PCs
currently connected to the Internet remains low in Europe, however, (typically 10%-20%) despite the rapid
growth of the World Wide Web. Thus Europe (and Asia) are attractive markets for satellites to provide Web
access.
Overall, North America had 24 million Internet users in 1996 and Europe 9 million. Globally, the projected
number of users by 2000 is expected to exceed 150 million.
The Web grew from 130 sites in June of 1993 to 230,000 by June of 1996 and is probably doubling each
year. While access is presently limited to low rates by current technology, efforts are being made by the
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regional Bell operating companies and the cable companies to provide higher speed downloading of
information, and Hughes provides a hybrid telephone/satellite service (called DirecPC) which will deliver
data at 500 kbps. Demand for higher speed is being driven by the increased use of detailed color images at
Web sites as well as the need to deliver sound and video clips. Multinational companies are exploiting the
existence of the Internet to construct their own semi-private “intranets” that allow employees, suppliers and
sometimes customers all to interconnect via “firewalls” that exclude others from their network. Since
companies (more so than consumers) are early adopters of new technology they represent an attractive
market for satellite-delivered intranet services, particularly in parts of the world where the terrestrial
infrastructure is poor.
The use of the Internet for commerce has been hampered by security concerns and was probably less than
$1 billion in 1996. However, as these privacy issues get resolved, there is likely to be considerable growth
in the amount of merchandise sold via the Internet. Some suggest this could exceed $40 billion by 2000.
For the foregoing reasons there is now believed to be a huge opportunity for satellites to provide “last mile”
connections to homes and offices—a role that they have not enjoyed heretofore.
Table 2.4 provides a summary of some six proposed U.S. systems operating wholly or in part at Ka-band
that plan to offer global service. The Teledesic system, originally designed to use 840 satellites in low-earth
orbit, is being redesigned and will now operate with 288 or fewer. The numbers given in Table 2.5 are those
from Teledesic’s original filing, as little has yet been published about the new design.
The Astrolink System (proposed by Lockheed Martin) the Spaceway portion of the Galaxy/Spaceway system
(proposed by Hughes) and GE*Star (proposed by GE Americom) are each systems that employ nine
satellites among five geostationary orbit locations with intersatellite links to route traffic around the globe.
Morningstar and Cyberstar are somewhat less ambitious systems that target high population centers with
four and three geostationary satellites, respectively. All of the systems propose to employ multiple, highpower, narrow, spot beams to service small user terminals and (with the exception of Morningstar) propose
to interconnect these beams (and any intersatellite links) with onboard digital processors. Uplink power
control and other strategies (e.g., concatenated coding) will be employed to mitigate rain fading, but the
availability of some of the systems will be as low as 99.5% in some parts of the world.
Typical user terminals are expected to employ antennas of less than 1 meter in diameter with a power of 1-5
watts and to operate at speeds of 64 kbps to 1.54 Mbps. Gateway terminals will be larger, (2.4 - 5 meters),
more powerful (up to 200 watts), and operate at higher speeds (e.g., 155 Mbps).
Motorola announced three ambitious systems, but apparently does not intend to pursue them while working
on Teledesic. The first system that the company applied for was called Millenium, which was to have four
geostationary Ka-band satellites to serve North, Central and South America. Subsequently, Motorola filed
for a new system known as M-Star operating above Ka-band and employing 72 satellites in low earth orbit.
M-Star would have provided trunking at very high rates between major traffic hubs (e.g., Internet service
providers) using uplinks in the 47.2 - 50.2 GHz band and downlinks occupying 37.5 - 40.5 GHz. In yet a
third filing, Motorola proposed a system called Celestri, which represented a merger of the two previous
ones plus a new component. Celestri would have employed 63 Ka-band LEO satellites at 1,400 km altitude
and an unspecified number of geostationary satellites to offer users data rates of up to 155 Mbps.
The Celestri filing caused the FCC to open a window for a second round of Ka-band filings, resulting in
seven more proposed U.S. systems that would offer global service. These are listed in Table 2.5.
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Table 2.4
U.S. Licensed Ka-band Global Satellite Communications Systems
Company

System

Orbit

Coverage

No. of
Satellites

Satellite
Capacity
(Gbps)

Intersatellite
Link

Onboard
Switching

Capital
Investment
($billion)

Lockheed
Martin

Astrolink

GEO

Global

9

7.7

1 Gbps

FPS

4

Loral

Cyberstar

GEO

Limited
Global

3

4.9

1 Gbps

BBS

1.05

Hughes

Galaxy/
Spaceway

GEO

Global

20

4.4

1 Gbps

BBS

5.1

GE
Americom

GE*Star

GEO

Limited
Global

9

4.7

None

BBS

4.0

Morning
Star

Morning
Star

GEO

Limited
Global

4

0.5

None

None

0.82

Teledesic

Teledesic

LEO

Global

840*

13.3*

1 Gbps*

FPS*

9*

FPS: Fast packet Switch; BBS: Baseband Switch
* Original design numbers

Table 2.5
Ka-band Second Round Filings—Proposed New U.S. Global Systems
Company

System

@ Contact
LLC.

Orbit(s)

Number of
Satellites

Coverage

Satellite
Capacity

Intersat.
Links

Onboard
Routing

Capital
Investment
$billion

ICO

16

± 65°

7.3

Yes Radio 4

Baseband
(ATM)
Switch

3.6

Hughes
Comm. Inc.

SE

GEO

8

Limited
Global

59.5

Yes Optical 3

Microwav
e Switch
Matrix

2.3

Hughes
Comm. Inc.

SNGSO

ICO

20

± 80°

7.2

Yes Optical 4

Microwav
e Switch
Matrix and
Baseband

2.4

Lockheed
Martin Corp.

Astrolink
Phase II

GEO

5

Global

9.2

Yes Radio 3

Baseband
(ATM)
Switch

2.2

Lockheed
Martin Corp.

LMMEO

ICO

32

Global

2.6 (Ka)
9.9 (v)

Yes Optical 6

Baseband
Switch

12.9

Motorola

Celestri

LEO

63

± 65°

1.8

Yes Optical 6

Baseband
Switch

12.9

GEO

6

Limited
Global

1.2

Yes Radio

Microwav
e Switch
Matrix

1.1

PanAmSat
Corp.

Even more ambitious than the Ka-band systems listed in Table 2.4 and 2.5 are a group of filings proposed
for satellites operating in the Q and V-bands. The frequency allocations proposed by the FCC for such
systems are listed in Table 2.6.
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Table 2.6
FCC-Proposed Frequency Allocations for Satellites Operating in Q and V-bands
Downlink

Uplink

Geostationary (GS0)

37.5-40.5 GHz

47.2-50.2 GHz

Non-Geostationary (NGSO)

37.5-38.5 GHz

48.2-49.2 GHz

Some 16 filings were received for systems operating in these bands from U.S. companies of which 14 are for
global systems. These are listed in Table 2.7. The likely impact of rain and atmospheric attenuation is so
severe at these frequencies that it seems improbable that any of the systems proposed would be built until
such time as the Ka-band spectrum becomes congested. That is, an orderly migration of C- to Ku- and Kuto Ka-band can be expected before systems are built at Q and V-band.
In addition to the systems listed in Table 2.5, a number of regional or domestic Ka-band systems have been
proposed, which, if built, could absorb some of the market the global systems hope to capture.
An interesting Ku-band global system has recently been proposed by Alcatel-Alsthom of France. This is a
$3.9 billion project to place 64 satellites in a low-earth orbit system, known as Skybridge. Unique to this
project is the use of Ku-band (which greatly reduces the rain fade problem) and a scheme to avoid interfering
with the existing fixed-satellite-service Ku-band satellites in geostationary orbit. The satellites are stationed
to cross the sky in pairs and both the gateway and user terminals are commanded to switch from one satellite
to the alternate whenever the line-of-sight to the satellite in use approaches ±10° of the geostationary orbital
arc. While the scheme is ingenious, the penalty is to require all users to employ at least two tracking
antennas to achieve uninterrupted service (however, this is probably also a requirement for Teledesic).
Another disadvantage of Skybridge is the need to place a hub station in every beam requiring 387 gateways
to cover the landmass visible to the system. It is understood that Loral is prepared to invest in Skybridge and
in return Alcatel will invest in Cyberstar.
While it is difficult to predict any winners or losers at this juncture, it is clear that if one or more of these
systems is fielded successfully then satellites may enjoy a role they have not previously served—namely that
of providing so-called “last mile” connections to homes and offices.
FUTURE DRIVERS AND THE NEXT TEN YEARS
Introduction
The past ten years have witnessed a “sea-change” in the perception of the utility of communication satellites.
1
One of the ironies of the 1962 Communications Satellite Act, was that it caused AT&T Bell Laboratories to
cease work on satellite technology. This occurred at the very point Bell Labs was at the forefront of the
technology (such as it was at the time) having successfully launched the first-ever active repeater satellite
(Telstar) in 1962.
Instead, Corning, Bell Labs, and others developed fiber optic technology, which has revolutionized terrestrial
telecommunications. The first undersea fiber optic cable (TAT-8) laid between the United States, the U.K.,
and France was placed in service in 1988 and was quickly followed by TAT-9 and 10 (1992), TAT-11 (in
1993) and TAT-12 (in 1995). There has been a similar rapid growth of the number of fiber cables in the
Pacific Ocean region both from east to west (e.g., HAW4/TPC3 linking California/Hawaii, Guam and Japan)

1

This was passed under the Kennedy Administration, and was responsible for the creation of COMSAT and subsequently
INTELSAT.
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and north to south e.g., Pac Rim East (Hawaii/New Zealand) and Pac Rim West (Guam/Australia). The
FLAG project will be a cable from the UK through the Mediterranean, across the Indian Ocean to Hong
Kong with add and drop points along the route. A cable has even been proposed to circumnavigate Africa.
Table 2.7
Proposed U.S. Q/V-band Global Satellite Systems
Company

System

Orbit

Number
of
Satellites

Coverage

Satellite
Capacity

InterSatellite
Link

Onboard
Switching

Capital
Investment
$B

Denali
Telecom.
LLC

Pentriad

Molniya

9

25° -85° N

≤36

No

Microwave
Switch
Matrix

1.9

GE
Americom

GE*
StarPlus

GEO

11

Global

∼70

No

Microwave
Switch
Matrix

3.4

Globalstar
L.P.

GS-40

LEO

80

±70°

∼1

No

Microwave
Switch
Matrix

?

Hughes
Comm.
Inc.

Expressway

GEO

14

Limited
Global

∼65

Optical
3 Gbps

SSTDMA

3.9

Hughes
Comm.
Inc.

SpaceCast

GEO

6

Limited
Global

∼64

Optical
3 GBps

SSTDMA

1.7

Hughes
Comm.
Inc.

StarLynx

GEO &
MEO

4 & 20

±80

≤5.9
≤6.3

Lockheed
Martin

Q/V-Band

GEO

9

Global

≤45

3 Optical
2 Radio

ATM
Baseband

4.75

Loral
Space and
Comm.
Ltd.

Cyberpath

GEO

10

Global

17.9

2 Radio

ATM
Baseband

1.17 (for 4)

Motorola

M-Star

LEO

72

±60°

∼3.6

2 Radio

Microwave
Switch
Matrix &
SSTDMA

6.4

Orbital
Sciences
Corp.

Orblink

MEO

7

±50

∼75

2 Radio

Microwave
Switch
Matrix

0.9

PanAmSat

Vstream

GEO

12

Global

<3.2

2 Radio

Microwave
Switch
Matrix

3.5

Spectrum
Astro, Inc.

Aster

GEO

25

Global

∼10

2 Optical

SSTDMA
& Baseband

2.4

Teledesic

VBS

LEO

72

Global

4

4 Optical

Baseband

1.9

TRW

GESN

GEO &
MEO

14 & 15

±70°

∼50
∼70

10 Optical
4 Optical

Baseband

3.4
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Using wave division multiplexing (i.e., different colors of laser light) together with optical amplifiers, fiber
cables can now provide almost unlimited bandwidth. As a result of this development, the fraction of the
telephone traffic between countries carried by INTELSAT has declined from a peak of about 70% some
years ago to perhaps 30% or less at present, and is likely to decrease still further.
A decade ago the telephone companies were envisaging the replacement of all of their copper by fiber to the
home (with perhaps “fiber to the curb” as an interim step) allowing them to deliver all of a family’s
servicesentertainment, telephone, fax, data, alarmsvia one medium.
Given this setting, the role of satellites in the future seemed to be limited perhaps to serving mobile users and
distributing television to cable head ends, and it seemed as if they would come to resemble the “steam cars”
of the automobile eraof passing historical interest only.
Three events have transformed this picture. These are:
1.

the end of the Cold War

2.

the introduction (by Hughes) of high-power DBS into the U.S. marketplace

3.

Motorola’s bold plan to develop the Iridium hand-held satellite PCS system

As noted earlier, the end of the Cold War has caused a huge consolidation in the U.S. aerospace industry and
a quest for civilian projects. Thus, Lockheed Martin and Loral have both announced plans to build global
satellite systems and appear to be following the Hughes model of vertically integrating (i.e., exploiting their
capability of manufacturing satellites to enter the services business). The end of the Cold War has also seen
the U.S. government’s increasing unwillingness to fund military satellite systems (e.g., future buys of DCSC
satellites) and instead to insist that the DOD make greater use of commercial systems.
Direct-to-the-home broadcasting of TV is now expected to be a very large market, especially in places (e.g.,
Asia) where cable systems have made little penetration, and where there is a demand (and ability to pay for)
entertainment with the rise in living standards. The ability to digitally compress TV images so that a single
satellite can deliver as many pictures as a modern cable system radically shifts the balance in favor of
satellite systems, which provide in effect “instant infrastructure.” Central to this new capability is the
enormous amount of digital processing that can now be accomplished on a small piece of silicon at
incredibly low cost, making the receive-only terminals needed for this service affordable to a broad range of
consumers.
Motorola’s decision to build a constellation of satellites to provide PCS service was a seminal event. This
proposal simultaneously introduced three new technical advances to the field viz.:
1.

the use of a large constellation of phased satellites

2.

the placement onboard of a significant processing capability

3.

the use of intersatellite links

Motorola’s proposal was followed by ambitious (but less technically risky) plans from Loral for the
Globalstar system, TRW for the Odyssey system, and Inmarsat for the ICO system, and a race is now on to
provide PCS services via satellite around the globe.
As discussed previously, the major players (Hughes, Lockheed Martin, Motorola, Loral, GE-Americom)
have all announced plans for new global FSS satellite systems operating at Ka-band to provide services (in
particular Internet access) in underserved or rural parts of the world. The total cost of these systems, if all
were to be built, is upwards of $40 billion. Clearly satellites are not about to become “steam cars,”and the
telephone companies’ dream to soon have a fiber connection to every home is now seen to be unrealistic.
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It may well be that the pendulum has swung too far, and the next decade will witness a retreat from satellite
technology. All one can say with confidence is that, to a large extent, the same drivers will continue to
operate during the next decade that came into play during the last one. These are:
•

the willingness of large U.S. companies to embark on big projects in an effort to exploit the explosive
growth of telecommunications worldwide

•

the cautious but growing willingness of the financial markets to support these projects

•

the cautious but growing willingness of countries to open up their telecommunications markets to
outside providers

•

the belief that there are no insurmountable technical hurdles to any of these projects

Some of these drivers are discussed below.
The Role of U.S. Satellite Manufacturers
The United States remains the dominant manufacturer of communications satellites in the world today, with
France in, perhaps, second position and Japan waiting in the wings. However, this picture oversimplifies the
true condition of the industry. Satellite manufacturing is increasingly coming to resemble car manufacturing
in which the “manufacturer” puts together sub-assemblies obtained from a variety of sources. At one
extreme is Hughes, which outsources as little as possible, and at the other is Motorola, which manufactured
only the onboard processors for its Iridium satellites. Nevertheless, the trend for purchasing components
from the best source, be it domestic or overseas, and the dissemination of the technology to emerging
countries (e.g., Korea as part of an investment agreement) is likely to continue, greatly diversifying the
industry. What is unique about the U.S. satellite manufacturers is that they appear to have decided to enter
the service business and are now prepared to undertake large projects of their own conception rather than
merely vie for orders from existing service companies.
A further change on the U.S. scene has been the consolidation of the players, with RCA being absorbed into
GE’s Satellite Division, which in turn was bought by Lockheed Martin. Ford Aerospace was acquired by
Loral, while Hughes continues its role as industry leader. Motorola has made one foray into the market and
may make a second.
In the past, the U.S. satellite manufacturers were loath to enter the services business for fear of competing
with their own customers. Hughes was the first to take this plunge, when it decided to enter the DBS
business in Latin America, and in the process lost PanAmSat’s order for satellites for the same market.
Hughes has since acquired PanAmSat, placing itself in the position of having a fleet of satellites second in
number only to INTELSAT. Lockheed Martin and Loral appear poised to follow the Hughes model.
Motorola’s intentions are not yet clear. It may wish to remain primarily a manufacturer leaving services to
others. This would be an especially attractive role if a very large consumer market were to develop for Kaband terminals, which it could dominate.
This fundamental shift in the role of U.S. satellite manufacturers clearly contains risks for them and may
drive some potential customers to seek foreign-made satellites. It does, however, change the landscape,
because heretofore there were no major proponents of satellites other than the intergovernmental agencies
INTELSAT and Inmarsat, whose owners were for the most part telcos with far larger interests and
investments in terrestrial facilities.
The Role of the Financial Markets
A recent Space News article chronicles the growing involvement of big banking firms in raising public funds
for satellite projects. In the last two years a total of about $12 billion has been raised worldwide for satellite
projectsthe bulk of this for communications satellites. Table 2.8 lists some of these transactions and the
underwriters involved. It is evident that Wall Street has a growing understanding of the satellite
communications business and an increasing willingness to find capital for projects. However, the amount of
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risk capital in the world is not unlimited and the failure of a major project could sour the market for everyone
else. It seems safe to say that, absent any major disaster, capital can be found to construct perhaps two or
three of the new global FSS systems described previously, and a larger number of regional ones. Equally
clear, however, is that none of the players has the resources to complete their plans for new systems unaided.
Thus advantage will go to those that (like Motorola in its Iridium project) are prepared to commence work,
using their own funding, in anticipation that capital will be raised in the course of the project.
Table 2.8
Communications Satellite Financial Transactions During the Past Two Years
Date

Company Financed

Amount

Managing Underwriters

($ mil.)

(lead underwriter listed first)

1997
July 25

Digital Television Services

155

Donaldson, Lufkin, (DIJ), Canadian
Imperial Bank of Commerce Wood Gundy
(CIBC), JP Morgan

July 11

Iridium

800

Chase Manhattan Bank, Merrill Lynch

July 9

P.T. Datakom Asia

260

Merrill, DLJ, Morgan Stanley, Schroder

June 20

EchoStar Communications Corp.

375

DLJ, Lehman Brothers

June 11

Globalstar L.P.

325

Bear Sterns, Inc. DLJ, Lehman

June 9

Iridium

240

Merrill, DLJ, Goldman Sachs

May 30

Globalstar

141

Lehman (adviser only)

May 14

Gilat Satellite Network

75

Lehman, Oppenheimer, Smith Barney

April 9

CD Radio Inc.

135

Libra

March 26

Innova S. de R.L.

375

Morgan Stanley, Merrill

March 14

Earth Watch Inc.

50

Morgan Stanley

Feb. 14

TCI Satellite Entertainment, Inc

475

DLJ, Merrill,
McLeod

Feb. 13

Globalstar, L.P.

500

Lehman, Bear Stearns, DLJ, Untenberg
Harris

Jan 23

Pegasus Communications

100

CIBC, Lehman, Bankers Trust

Jan. 15

Orion Network Systems

929

Morgan Stanley, Merrill

Dec. 13

APT Satellite

184

DLJ, Credit Lyonnaise Securities Asia,
Merrill, Morgan Stanley, China
Development Finance Co., HSBC
Investment Bank Asia, WheelockNatWest, JP Morgan

Dec. 12

Via Sat

20

Oppenheimer, Need Unterberg Harris

Dec. 11

Group AB

235

DLJ, Morgan Stanley

NationsBank,

Scotia

1996

Nov. 19

TCI Satellite Entertainment

Nov. 10

British Sky Broadcasting

1,150
300

Goldman Sachs, Merrill Lynch

DLJ

Nov. 1

Loral Space & Communications

500

Lehman, Bear Stearns, DLJ, Oppenheimer,
Unterberg Harris

Nov. 21

Tevecap S.A.

250

Chase, DLJ, Bear Stearns, Bozano
Simonsen Securities
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Table 2.8 (Continued)
Oct. 3

Pegasus Communications

42

Aug. 2

Orbcomm Global L.P.

170

Bear Stearns, JP Morgan, Royal Bank
Canada Dominion

July 26

Net Sat Servicos Ltd.

200

Merrill, Citicorp

July 25

Impsat S.A.

125

Morgan Stanley, Bear Stearns

June 15

AsiaSat

272

Goldman, DLJ, Bear Stearns, Smith
Barney

June 12

P.T. Pasifik Satelit

73

DLJ, Morgan Stanley

April 30

Tee-Comm Electronics, Inc.

100

First Manhattan Bank, Nesbitt Burns

April 23

EarthWatch

70

Morgan Stanley

Nusantara

Lehman, Bankers Trust, CIBC, Paine
Webber Group

April 15

Loral

2750

Lehman

April 2

KVH Industries

14

Robertson & Stevens, Cowen & Co.

March 19

Echostar Satellite Broadcasting

580

DLJ, Smith Barney

March 3

Globalstar Telecommunications

275

Lehman, Bear Stearns, DLJ, Unterberg
Harris

Jan. 31

U.S. Satellite Broadcasting

224

Credit Suisse First Boston, Goldman,
Inverned, Schroder

Source: “Space News” August 18-31, 1997

Open Markets
In the past, telecommunications services were available in most countries from a single monopoly provider
that was frequently an arm of the government and contributed to the national treasury. With the advent of
new services, governments are caught in a dilemma. There are large capital expenditures necessary to
construct new facilities (e.g., cellular systems, digital networks, etc.) which may not pay for themselves for
several years, yet failure to provide these services opens the possibility of hindering local industry and
harming the national economy. It is for these reasons that we are witnessing a gradual willingness of
countries to open up their telecommunications markets to outside providers.
It is also clear that the U.S. government sees it to be to the advantage of U.S. companies to be able to offer
telecommunications services abroad. The belief is that competition has been in place (at least in the longdistance market) longer in the United States than elsewhere, and that U.S. companies are therefore better
able to compete in foreign markets, where the incumbents have not had to face competition. Opening up
foreign markets also paves the way for entry of the United States into global satellite projects. We can
expect, therefore, that the United States will continue to press for opening of overseas markets (all the while
proclaiming that this is in the best interests of “consumers”). Indeed, as manufacturing declines as a major
component of the U.S. economy and services businesses assume the dominant role, the United States must
find ways to offer these services abroad if it is to earn the foreign exchange needed to pay for imports.
Banking, airline transportation and telecommunications are all important in this regard.
Technology
Rapid advances in communications satellite technology were made during the period from roughly 1963 (the
launch of Syncom III) to the early 1980s. During this period all of the technology currently employed on
present day geostationary satellites was developed. This was driven in large part by the growing traffic that
the INTELSAT system was required to support, necessitating the use of frequency reuse (i.e., multiple
antenna beams occupying the same frequency bands), multiple transponders isolated one from another in
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frequency, and reliable housekeeping systems (attitude control, power generation and storage, temperature
control, etc.).
There followed a period of relative conservatism on the part of the operators driven in part by increasing
competition. This forced operators to try to purchase the cheapest possible satellite and avoid any
unnecessary technical risks. As satellites surrender (to fiber optic cables) their role of connecting the
terrestrial telephone networks of different countries, and increasingly are employed to service individual
customers (e.g., mobile users, VSATs, or DTH subscribers), the effective radiated powers (EIRP) of the
satellite must be raised.
Thus, DTH satellites presently operate with transponder power exceeding 100 watts and this continues to
favor the use of traveling-wave-tubes over solid-state amplifiers, as they are more efficient. This trend
seems unlikely to change. New services will also drive satellite designers into using multiple (tens of) pencil
spot beams. Interconnecting traffic between beams now becomes inordinately difficult with analog
technology (e.g., SAW filters or TDMA switches) and forces the use of on-board digital processors that
demodulate the signals, route the bits to the appropriate transmitter, where they are then remodulated onto
the carrier.
Higher transmitter power, multiple spot beams, and onboard processing all require larger satellites capable of
generating 10-15 kw of electrical power. During the next ten years this range could be expected to double,
making it increasingly attractive to use GaAs or other advanced solar cells.
Motorola’s use of a constellation of spacecraft and intersatellite links in the Iridium system are other
technical advances that would appear to be here to stay. Many of the new Ka-band systems discussed earlier
in this chapter employ intersatellite links, and one of the systems (Teledesic) employs constellations of
satellites in low earth orbit. Assuming that all of these new technologies get deployed without significant
misstep, it would appear that the industry has achieved a new level of competence, which augers well for its
future and the role of satellites in telecommunications in general.
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CHAPTER 3

KEY TECHNOLOGY TRENDSSATELLITE SYSTEMS
INTRODUCTION
This chapter reviews the status of technologies for the space segment of communications satellite systems.
The discussions highlight changes since the 1992/1993 study and emphasize developments that are both new
and important.
Although the tendency to emphasize satellites in any discussion of satellite communications was in evidence
during site visits, a pleasant change was the recognition of the importance of satellite terminals both in the
economics and user acceptance of systems.
Designers of systems have exercised the tradeoffs between satellite and earth terminals in the conscious
attempt to achieve high system capacity while realizing a small and affordable terminal.
Some designs for mobile satellite systems have reduced the orbit altitude and employed a larger than familiar
number of satellites to achieve continuous global coverage. The reduced altitude reduces the propagation
(spreading) path loss, which can be traded for lower transmit radiated power. Although this design approach
leads to smaller satellites, innovations have nevertheless been introduced, such as use of Global Positioning
System (GPS) (satellite) receivers on satellites for autonomous station keeping; multiple crosslink
(intersatellite link) antennas; phased array antennas for up and downlinks; and onboard baseband processing.
The assembly of satellites used to proceed on the basis "one of a kind - one at a time." Some manufacturers
(notably for the Iridium and Globalstar satellites) have adopted techniques from the automobile industry by
setting up assembly lines and generally reducing the extensive environmental testing conducted on satellites
prior to launch. Manufacturers of geosynchronous earth orbit (GEO) satellites have also streamlined
assembly by concentrating on standard buses.
While low and medium orbit constellations attracted much attention in the past few years, geostationary orbit
communications satellites continue to thrive. The ability to keep coverage fixed and provide high capacity
over long distances may offer the possibility of gradual market entry or market development. In any case,
there is continued development of ever larger buses to support ever increasing antenna size and complexity,
large numbers of transponders, and other dimensions in sophistication and complexity.
The trend in GEO satellites is increased power and increased number of transponders. Satellites with
numerous C and Ku-band transponders are becoming commonplace. These increases have not resulted in a
proportionate scaling of the weight of the satellites, since the use of shaped antennas eliminates the need for
considerable microwave plumbing and the use of lighter structures has helped contain the weight of the
satellites. Nevertheless, GEO satellites are becoming heavier and launch capability is increasing to
accommodate the additional features of modern satellites. Increased power is driven by the desire to
decrease the ground terminal size and cost, appealing features for end-consumer equipment. Figure 3.1
provides some comparison between GEO satellites of the 1970s, 1980s and early 1990s, and buses now in
development in terms of mass and power. The figure shows on a related scale how the increases in power
have allowed a steady reduction in terminal sizes. Given that a size on the order of a foot has been attained,
further increases in power may be viewed as making larger capacities possible with these small terminals, or
adding other features such as other frequency bands or crosslinks (i.e., as opposed to further reduction in
terminal size).
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Fig. 3.1. Satellite power/mass and terminal antenna size trends.
This chapter begins with a discussion of critical technologies of large GEO satellites where the primary
power system is growing rapidly towards 20 kW and more. Satellite antennas are discussed in some detail
since this is one of the most critical areas in measuring communications progress. This is followed by a
discussion of onboard processing, progress in satellite traveling wave tubes and solid state power amplifiers,
optical ISLs and some satellite bus issues (electric propulsion, thermal control and attitude control). Larger
satellite antennas imply smaller beams and a need for tighter attitude control. In all cases emphasis is placed
on what was learned in the site surveys.
Small and mini-satellites derive much of their technology from that of GEO satellites and therefore are not
treated in detail. The major aspect of these satellites is the process adjustments made to transform the former
one-at-a-time, hand made approach taking three to four years, to a more streamlined, production oriented
approach for producing satellites.
LARGE GEO SATELLITES
Size Trends
During the past five years, there has been a renewed emphasis on providing satellite-based services to
consumers. The acceptance of these services is determined to a great degree by cost to the consumer,
including the cost of the equipment as well as monthly service charges. Consumer electronics benefits from
competition as well as cost decreases associated with volume manufacturing and distribution, and this is
vividly demonstrated by the rapid decrease in the cost of DBS home equipment. The power of the signal
from the satellite is a critically important factor in the determination of the cost of the ground equipment or
terminals. The more the power from the satellite, the less the cost of the terminal. The size of the antennas
and the cost of the amplifiers decrease as the power from the satellite increases. Business customers benefit
from this increased power for the same reasons. As these costs are driven down, new applications for
satellite services emerge. An interesting example of this is the presence of 30 cm satellite antennas at gas
station pumps, which are used for credit card transactions. Of course, the multitude of recently proposed
mobile and high bandwidth data services are also dependent on the existence of low cost terminal equipment.
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The need for more power and bandwidth from commercial satellites is obvious to all the satellite
manufacturers. Typically, you would expect that increasing the power and bandwidth from the satellite
would require a larger, and thus heavier, satellite. However, increasing the weight of the satellite adds to the
cost of the launch. Indeed, the maximum weight of the satellites is often capped by the lift capability of the
launch system. Thus the challenge of the satellite manufacturers is to design and deliver a satellite with
increased power, without increasing its cost and weight.
Thus today the increased demand for power is the dominant factor in driving the development and utilization
of new GEO satellite technology, especially to meet these weight and cost constraints. Bandwidth per
satellite has been increasing as combined C and Ku-band satellites become more common. The need for
more bandwidth is especially evident for the new data applications, which are expected to be met with Kaband and possibly V-band satellites. Here again, more total power is needed to meet power per channel (or
Hertz) requirements.
Other factors driving the increased size and weight of the satellite are the needs for larger antennas, onboard
processing electronics, and intersatellite links. Considerable technology development is directed towards the
reduction of this weight and the size of the satellite. The rocket fairing is typically 4 m in diameter, and the
satellite has to fit into that cross section. We are seeing the insertion of new lightweight composite materials
into the structural composition of the satellite, the use of more efficient propulsion systems and fuels to insert
the satellite into its final orbit and for station keeping, the use of arc jets and ion engines to increase the
efficiency of the fuel that is used for station keeping, the reduction in the number of feed horns and their
associated wave guides by using shaped antennas, the use of higher efficiency power amplifiers (TWTA &
SSPA) the use of optical fiber to replace copper wires for the busing of signals onboard the satellite, the use
of higher efficiency solar cells such as “black” Silicon, GaAs (on Ge) and multiple junction, multiple
material cascade cells to replace the workhorse Si cells of the past, the welding of solar cells onto the array
to decrease costs and to eliminate heavy solder, the use of light structures for solar panels, the use of
unfurlable solar arrays, the use of more efficient heat exchangers, and the use of more efficient high pressure
Ni-H2 batteries.

DRY MASS, kg

Figure 3.2 illustrates how the weight of the typical GEO satellite has increased over the past 30 years.
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Fig. 3.2. Spacecraft mass (kg) vs. time (year).
Power Subsystem
As mentioned previously, the demand for increased microwave power from the satellite is probably the most
important factor in driving the insertion of new technology into modern GEO satellites. Higher power at the
customers’ antenna translates into lower cost equipment and the availability of new services and thus the
need for the manufacture of more satellites and their associated launches. The demand for more power from
satellites is driving the development of considerable new technology, with the requirement that this new
technology does not add to the cost of the satellite or its weight, which translates into increased launch costs.

3. Key Technology Trends—Satellite Systems

32

Figure 3.3 illustrates the trend of the increasing power capability of GEO satellites over the past 35 years.
10

Max

9

End-of-Life Power (kW)

8
7
6
5
4
3
2
1
0
1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

Launch Year

Fig. 3.3. Spacecraft power/time.
The power subsystem is composed of the solar array (solar cells on the supporting structure including
pointing devices), batteries, and the power conditioning electronics. Considerable progress has been made in
the last five years.
While this panel did not visit any of the companies or organizations that manufacture or develop solar cells,
this is a subject that should not be passed over lightly, since this component is such an important part of the
power system and improvements in efficiency are key to the ability of satellites to deliver higher power. The
efficiency of solar cell technology over the years is summarized in Table 3.1.
Table 3.1
Solar Cell Efficiency vs. Time
Year

Organization

Efficiency (%)

Material

Comments

1962

ATT Bell Labs

8 - 10

Si

Basic design, trendsetter

1970

COMSAT Labs

13.5

Si

Violet cell

1973

COMSAT Labs

15.5

Si

Non reflecting cell (black cell)

1976

COMSAT Labs

16.1

Si

Black cell, sawtooth cover slide

1993

Sharp

17 - 18

Si

Black cell, improved materials

1997

Spectrolab and Techstar

25.5

GaAs/Ge

Dual junction

2000

Spectrolab and Techstar

35

III-V
comp’ds

Cascade cells

Remarkable progress has been made in the increase in satellite solar cell efficiency over the years, and R&D
is being performed to make cells available with significantly higher efficiency in the near future.
In the mid 1990s, Sharp started delivering a high efficiency silicon cell, commonly referred to as the “black
silicon cell” because of its appearance. This cell has rapidly become widely used for communications
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satellites with its efficiency of 17-18%. This advance was followed quickly by the availability of GaAs
cells, with an efficiency of 18-19%. While it has long been known that GaAs has an intrinsically higher
efficiency than silicon, the difficulty in fabricating GaAs cells that are competitive in cost to silicon has
prevented large scale application in satellites. This changed with the development of techniques to grow and
dope layers of GaAs that have been epitaxially grown on germanium substrates. Spectrolab (a division of
Hughes) and the Applied Solar Energy Division of Techstar are two U.S.-based companies that are the
primary suppliers of these cells. The shortage of germanium, since it is widely used in the fabrication of
fiber for the communications industry, has led to shortages of these cells. As these cells become available
they have been used on the solar arrays of many recently delivered satellites. Arrays have been constructed
that contain both Si cell panels and GaAs/Ge cell panels due to this shortage, heritage designs and cost
tradeoffs. These GaAs/Ge cells cost approximately 4-5 times more than Si cells. In addition to efficiency,
resistance to radiation is another parameter involved in the design of the solar arrays. Since the GaAs/Ge
cells are more resistant to the damage caused by high energy particles from the sun than is Si, it is not
necessary to include as many additional cells to meet end-of-life (EOL) power requirements. The radiation
damage is cumulative and causes the power output of Si cells on GEO satellites to decrease 10 - 15 % over
their lifetime, requiring additional cells to achieve EOL power requirements. GaAs/Ge requires considerably
fewer cells to compensate for this loss of power. The success of the epitaxial GaAs on Ge process has lead
to the extension of this process to the design and fabrication of multi junction, or cascade, cells, which are
also made by Spectrolab and Techstar. These cells are composed of several layers of III-V compound
materials, such as GaAs, GaInP, GaInAsP and GaSb grown epitaxially on Ge. These cells are also quite
resistant to radiation, and cells with an efficiency of ~ 26% have been delivered to customers for evaluation.
With additional R&D, it is anticipated that cells having an efficiency of 35% will be developed in the near
future. Since these cells are made by a process that is quite similar to that used to manufacture the GaAs/Ge
cells, it is expected that these exotic cells will not be that much more expensive. If progress continues at the
present pace, these high efficiency, cascade cells could be the dominant source of power for satellites in the
near future.
Another promising solar array technology is the use of concentrators to focus the light down onto the GaAs
cells. AEC-Able Engineering Co, Inc. of Goleta, CA is working on parabolic reflectors that gather 7-8 times
the light that would normally fall on a cell. These reflectors would also shield the cells against the high
energy particles that degrade the cells. Such a technology would offer the promise of reducing the number
of cells and the weight and thus the cost of the solar array. With a 7-8 times light gathering power, it should
not be necessary to have precise pointing of the array towards the sun.
The design of the solar array itself is also evolving to improve the total power handling capability of the
satellites, as well as reducing the weight and volume of the array. WTEC panelists saw large area array
designs at Mitsubishi and Loral that involve the addition of panels that fold out from the main array. At
Lockheed Martin WTEC panelists saw lightweight “pleated shade”-like structures that fold out like an
accordion on a boom. These structures are light in weight, take up little space and offer considerable
promise as an array structure. TRW is building flexible solar arrays on blanket-like structures that also offer
the promise of reducing the weight and volume of high powered arrays.
The only discussion about batteries during the WTEC site visits was at Hughes. At the present time, high
pressure Ni-H2 cells are widely used for GEO satellites. However, as the need for more power onboard
satellites increases, then so does the requirement for increased power storage capability, which is met by
batteries. Since the weight of the batteries typically scales with the power storage capability, we are going to
see an increased percentage of the total weight composed of batteries, unless we have more efficient
batteries. This is a critical technology that needs R&D attention. Lithium-ion is a system that offers possible
solutions to this critical battery technology problem. The ability to support the numerous charge/deep–
discharge cycles during the lifetime of a satellite has to be demonstrated for this system. Hopefully the
experience gained from the expected broad consumer use of Li-ion batteries (for such applications as laptop
computers and cellular phones) will help solve some of the problems facing the system. The experimental
STENTOR satellite of CNES is designed to use Li-ion batteries.
Flywheel storage of energy is a possible substitute for batteries as improved bearings and stronger,
lightweight materials are developed.
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ANTENNAS
Overview

The key trends in spacecraft antenna technology are toward larger effective apertures, significantly higher
numbers of beams, and integrating computationally-intensive beam forming and switching activities with
other onboard processing functions. These trends are an integral part of universal efforts to raise spacecraft
effective radiated powers (EIRP), make communications payloads smarter and more flexible, and make earth
terminals smaller and cheaper. Table 3.2 provides a good indication of the near-term state of the art,
illustrating the antenna systems that a representative sample of commercial Ka-band operators plan to fly in
the 2000-2005 timeframe. Many manufacturers offer competing proprietary technologies to build these
antennas, and there is no clear world leader. Details of ongoing research and development efforts are
generally proprietary. The situation has changed significantly from when large government research
programs drove spacecraft antenna technology and quantitative information about the state of the art was
reasonably available.
Table 3.2
Characteristics of Planned Commercial Ka-Band Communications Systems
SYSTEM

Astrolink

Cyberstar

Euroskyway

East

West

Spaceway

Celestri

Teledesic

Sat orbit

GEO

GEO

GEO

GEO

GEO/MEO

GEO

LEO

LEO

Number

5

3

5

12.9

20

63

288

Coverage*

Pop. Centers

N.A. Eur., Asia

Eur., Afr.,
midEst.

Eur., Afr.,
midEst

Pop. Centers

Global

Global

Beamwidth/
pot

0.8°

~1°

~1°

0.6°

~1°

No. Beams

96

72

32

64

24

432u, 260dn

64

Type Sat
Antenna

Horn fed

Horn fed

Horn fed

Horn fed

Horn fed

Horn fed

Array

Array

Market

Multimedia

Multimedia

Multimedia

Infrastructure

Multimedia

Infrastructure

Infrastructure

Infrastructure

On Board
Proc.

Full

Baseband

Baseband

Baseband

Baseband

Full

Full

Through-put

7.7 Gb/s

4.9 Gb/s

ISL

V Band

Potentially V

V Band

Terminals

Fixed

Fixed

Fixed

Smallest size

Not given

0.7 m

Eur., Afr.

6Gb/s

4.4 Gb/s

1.8Gb/s

13.3 Gb/s

Optical

V Band

6 optical

V Band

Fixed, mobile

Fixed

0.66m

0.7 m, HH

0.7 m typ.

Fixed
0.15

Source: Third ka-band Utilization Conference (see site report, Appendix B).

A major change noted since our 1992/1993 report is the improvement in the mechanical technology and
manufacturing processes associated with spacecraft antennas. For example, while the ISL and gateway
antennas (Figure 3.4) manufactured by COM DEV for the Iridium spacecraft represent state-of-the-art
electromagnetics, their mechanical characteristics were what impressed the panel most. These antennas
provide excellent pointing and tracking characteristics while coming off an assembly line on a one set per
week basis. This is a significant change from spacecraft antennas being individually hand-assembled by
highly skilled engineers and technicians.
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Fig. 3.4. Iridium satellite gateway antennas (Iridium 1997).
Large Reflector Antennas
There are a number of competing technologies worldwide for building large reflectors. The Lockheed
Martin ACeS (Asia Cellular Satellite) spacecraft typify the current state of the art with two twelve-meter
antennas and 140 total beams per satellite (see Figure 3.5). The ACeS system will offer GEO-based service
to hand-held terminals at L-band.

Fig. 3.5. Prototype Lockheed Martin ACeS antenna (Mecham 1997).
While the 1992/1993 report emphasized efforts (Russian programs in particular) to orbit ever larger
antennas, the decreasing coverage areas associated with larger apertures and smaller beamwidths today seem
to obviate the commercial need for reflector diameters significantly larger than 12 to 15 meters. Accordingly
there is less interest now in large inflatable antennas. In the future we anticipate that competition will be in
minimizing mass, surface deviation, thermal distortion, and cost, and maximizing ease of deployment. Thus
the French STENTOR spacecraft will carry what is described as an ultra-lightweight 2.4 m reflector.
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A portion of the 1992/1993 report described two large-reflector technologies then being developed in Japan
that differed from other approaches. One, using robotic assembly in space, has been discontinued. The
other, Toshiba’s modular approach, will be tested with the launch of the ETS VIII spacecraft.
Toshiba’s design is based on hexagonal cross-section modules. Nineteen modules combine to make the
ETS-VIII 15 meter diameter reflector with a total mass of less than 170 kg and 2.4 mm rms surface
deviation.
Phased Arrays
Companies that the panel visited routinely cited phased array antennas as a critical technology area where
cost breakthroughs are needed. Both direct radiating arrays and phased array feeds for reflectors are
attractive for multibeam spacecraft antennas that must route traffic dynamically. All major spacecraft and
antenna manufacturers seem to be working on phased arrays. Few would reveal any quantitative details, and
none was aware of a potential breakthrough area where a sustained R&D program would have immediate
impact.
The problems in phased array design remain what they were in 1992. Electromagnetically, the array must
maintain the desired radiation pattern and polarization purity over the transponder bandwidth and the desired
scan angle range. Electronically, the array must form and steer beams as fast as onboard traffic routing
requires. Mechanically, the array structure must deliver control signals and DC power to (and often rf from)
the radiating elements and dissipate heat while not screening the radiating elements. Most experts feel that
the ultimate solutions to these problems lie in using photonic techniques to power and control the active
elements in phased arrays.
As with large reflector antennas, most satellite manufacturers have competitive phased array technology but
keep the details proprietary. Several of the present low earth orbit (LEO) systems (Iridium and Globalstar,
for example) leverage technology developed for ACTS and formerly military technology to fly impressive
phased arrays. ACeS (Figure 3.6,) will carry an impressive array feed generating 70 beams at L-band.
Coming Ka-band systems like Teledesic will fly arrays developing hundreds of beams.

Fig. 3.6. Phased array feed for Lockheed Martin ACeS antenna (Mecham 1997).
In Japan, KDD is doing particularly interesting work on array antennas for mobile applications. A low
profile is achieved using 2 layers of slightly overlaid patch radiators. The 3 x 3 array performs at both 2.3
and 1.6 GHz, as both transmit and receive, and was tested with ETS-V. The antenna uses a conventional
beam-forming network; for more performance, an active phased array would be used. The secondgeneration model is a single layer with two element sizes on a high dielectric substrate. The axial ratio was
not satisfactory, and a third generation model has been constructed. Similar to inverted-F, multiple short
pins above each patch allow the sizes to be reduced to almost half; the patches can then be laid out without
overlap in groups of four (transmit and receive for each band). There are 18 analog phase shifters (9
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elements x 2 f bands), digitally controlled, and packaged into a small box. Transmit power is 250 mW per
element.
A third array antenna, targeted for ICO and the Japanese Experimental Satellite (ETS VIII), uses a
quadrifilar helix radiating element. The antenna will have 12 elements arranged in a triangular grid pattern
(with corner elements missing from the grid). The antenna had just been delivered at the time of this WTEC
visit, and patterns had not been measured. The feed electronics were packaged into four layers (for ease of
further evolutionary changes). Diplexers comprise the first layer; LNAs the second layer; an analog beam
forming network (BFN) the third layer; and down converters in the fourth layer. A design change is being
introduced to substitute a digital beam forming network for the analog BFN. The feed network has one, two
or three output ports. The antenna has 16 beam positions (switchable). Use of TDM downlinks might allow
beams for two satellites. While ICO will use 6 kb/s links/user, thin route FSS multimedia is anticipated to
operate at 64 kb/s, requiring about 10 dB more gain.
The major U.S. primes are working on phased arrays. Typical development models incorporate optical beam
forming with true time-delay beam steering, and combine photonic and rf functions on the same chip. A
representative example is a 96-element L-band single-beam array achieving 50 percent bandwidth and a 60
degree scan angle.
Several research satellites with impressive phased arrays are planned. For proprietary reasons, information
about these is limited. France’s STENTOR spacecraft will carry a direct-radiating array made up of 48
subarrays, each fed by its own SSPA. The STENTOR array will develop three independent beams. Japan’s
GIGABIT satellite array will develop five scanning spot beams, each with a 1.5 degree scan and 559 MHz
bandwidth. Its total radiated power will be 500 W.
In 1992, Europe, Japan, and the United States had ongoing programs in phased array development. Since
then, the end of the Cold War has brought former Soviet military technology into the commercial arena. The
Moscow Aviation Institute, for example, is developing active phased arrays with multi-element transmit and
receive amplifiers and hybrid optoelectronic signal processors.
Optical Beam Forming
Optics offers the potential for volume, mass, and power reductions with increased speed relative to similar
subsystems implemented using electronics. There continues to be a tremendous amount of research in
micro-optics, optical memory, optical signal processing, and optical communications throughout the world.
Diffractive optical components for use in free-space and bulk micro-optical systems are being studied for
optical communications, information processing, optical computing and sensor applications. The subject
components include high-efficiency blazed micro Fresnel lenses, high-efficiency chirped gratings, Bragg
gratings, binary gratings, and arrays and composites of them. Integrated optics technologies are expected to
play an important role in the development of new devices for future optical memory systems. There has also
been considerable effort in the development of waveguide devices for communication use, including
switches, mode splitters, mode converters and wavelength filters.
Hughes Research Lab, located in Malibu, CA, is jointly owned by Raytheon and Hughes. Research topics
include communications, photonics, and microelectronics. Of particular interest is the work in optical beam
forming for phased array antennas. The microelectronics staff is a vertically integrated team of experts in
growth and diagnostics of III-V semiconductor materials and related compounds, development of
microelectronics processing techniques, design of advanced device structures, modeling, rf/analog/digital
circuit design, analysis, and evaluationall focused on delivering high performance digital, analog, linear,
rf, optoelectronic and mixed-mode circuits for the next generation of microwave, millimeter wave,
commercial wireless, and photonic systems.
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ONBOARD PROCESSING1
Overview

Onboard processing (OBP) can provide greatly improved performance and efficiency over non-processing
satellite systems. It can be used advantageously in four places in a communications satellite:
1.

Intermediate Frequency (IF) and radio frequency (rf) communications signal switching

2.

support processing

3.

phased array antenna control and beam forming

4.

baseband processing and switching

IF and rf switching is generally the simplest, requiring the least amount of processing power. It involves
electronically controlled rf/if switches, usually in a matrix format, that can be controlled statically or
dynamically, and has been used commercially for some time.
Support processing has traditionally been associated with control of the satellite bus and includes such
functions as attitude control, power management and telemetry, and tracking and control (TT&C). Most of
these functions can be handled by general purpose onboard computer systems.
Phased array antennas with many independently steerable beams require a large number of radiating
elements with individual phase (and amplitude) control for each beam. This signal control can be
implemented with analog circuits (for a small number of beams) or digitally. This requires substantial digital
processing, perhaps more than with the baseband processing and switching system. Phased array antennas
are used on the Iridium and Globalstar satellites.
Baseband processing and switching involves functions similar to those performed in terrestrial local area
networks and telephone switches. In addition, demodulation, demultiplexing, error detection and correction,
switching, congestion control and notification, buffering, remultiplexing, and modulation and network
synchronization must be performed. Most of these functions require specialized processors in order to be
size/mass/power efficient. This is especially true for packet switched systems with a large number of earth
stationsparticularly if the system is required to handle multiple user rates.

OBP
Lewis Research Center

Classes
– Baseband processing and switching (demod/remod)
– IF or RF switching
– Support processing (onboard control, phase-array antennas, etc.)
Issues
$
Volume
Mass

Redundancy
Volume
Reconfigurability
Reliability

Power

Services
Applications

Onboard
Architecture

Network
Architecture

Fig. 3.7. Onboard processing system design.
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Dr. William Ivancic of the NASA Lewis Research Center contributed to this section.
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To date, few commercial onboard processing satellites have been flown. Next to ITALSAT, the first
experimental satellite with major communications processing, ACTS has logged several productive years of
experiments. ACTS has two basic onboard processing packages, a circuit switched baseband package and an
rf satellite matrix switch. Both systems are controlled via ground commands, rather than via onboard
autonomous control. Compared to future systems (proposed and under development) these satellites appear
rather simple. Iridium is one of the first commercial onboard processing satellites. It utilizes multibeam
phased array antennas, onboard processing and intersatellite links.
Future satellite systems are being discussed and planned for both Ka-band (Teledesic, Skybridge, Astrolink,
etc.) and V-band (Expressway, Cyberpath, M-Star, etc.). These systems will require many advanced
onboard architectures for fault tolerance, autonomous control and reconfigurability. In addition, these
systems will utilize packet switching techniques and intersatellite links as part of the communication
payload. Advanced modulation and coding technologies using block coding and concatenated convolutional
and block coding will also be required with link qualities approaching that of fiberbit error rates of 10¯10 or
better.
Progress in Onboard Processing
Digital technologies continue to improve at a rate of approximately 2 times in performance every 18 months
in a combination of speed, processing power, or density (a derivation of Moore’s Law, the number of
transistors that can fit on a chip doubles every 18 months).
Onboard computers are being developed by a number of companies such as Saab-Ericson and Honeywell
(32 bit computer with 16 and 32 bit instruction sets, radiation hardened to 1 Mrad total dose).
Application specific integrated circuits (ASICs) are increasingly being used onboard spacecraft, to reduce
mass, size, power consumption and at the same time increase reliability. The drawback of using ASICs is
the development cost, risk and schedule, and therefore particular attention is necessary when ASIC design is
being performed to improve speed, power, and density. For instance, Altera and Xylinx currently have 100k
gate 3.3 volt programmable logic devices (PLDs) and expect to introduce 2000 gate field programmable gate
array (FPGA) by 1999. UTMC Microelectronics Systems has 16 micron 200K (400K by 1998) gate arrays
and can provide circuits capable of withstanding 100 krads total dose and Single Event Upset (SEU) at 10 -10
errors/bit day and 150 MHz clock rates. Devices are available in both 5 V and 3.3 V. UTMC also produces
radiation hardened SRAMs, dual port RAMs, and FPGAs. Actel has low SEU devices that are latch-up
immune up to 300 krads. These circuits are now being utilized in spacecraft. Iridium uses over 13 different
100k gate ASICS. As more of these devices are used, confidence should grow.
Intellectual property (IP) and core logic (CL) are third party designs of specific, generic, complex functions
that can be licensed and are widely utilized today. These designs may be hardwired for specific ASICs (cell
based) or software based using a hardware description language (HDL) such as Verilog of VHDL. Cores are
available for a vast array of functions such as network interfaces (ATM, ethernet, etc.), digital filters, coding,
compression, and MPEG-2 to name a few. Utilizing IP/CL allows companies to concentrate on the overall
system design without having to design and maintain individual complex functions.
The following section describes some of the ongoing onboard processing activities in Canada, Europe,
Japan, Korea, and the United States. The information was obtained from a combination of company reports,
site reports, the World Wide Web, as well as experience, visits and contacts with a number of experts in the
field.
In Canada, Spar concentrates on demultiplexers, demodulators, and uplink access scheduling. A breadboard
of a fast packet switch has been constructed but so far there are no plans for ASIC development that would
be required for flight. The processor output would interface to a standard ATM switch. Spar is also leading
the system engineering work for the Canada Advanced Satellite Program, including analysis of packet
switching in a mobile multimedia environment.
COM DEV built the analog onboard processing unit for Inmarsat-3. It performs traffic management,
switching, and routing, and is said to be the most complex electronic hardware yet flown on a commercial
spacecraft. The system is reconfigurable from the ground. There are two processors per payload. The
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system operates staticallyit does not do TDMA switchingbut all COM DEV products are capable of
switching at sub-microsecond speeds. An Inmarsat-3 processor contains 168 SAW filters and a total of
70,000 components. COM DEV makes SAW filters as components and as part of subassemblies, primarily
if frequency converters for digital payloads. A significant new product is BEAMLINK, a complete
channelizer with solid state switch matrices for subchannel connectivity. It can connect any of 37 input
channels to any one of 8 antenna beams.
In Europe, Alcatel Telecom plays a leading-edge role in the development of information superhighway
technology, including broadband ATM, switching systems and SDH transmission, which are compatible
with the Internet. Alcatel has plans to develop SkyBridge, a constellation of 64 LEO satellites with onboard
ATM capability complementing that of ground infrastructures. In addition to Internet access, the SkyBridge
system will provide bandwidth-on-demand for other types of high-speed data communications, at speeds up
to 60 Mbps. Alcatel has the design and fabrication capabilities to provide OBP technologies including
onboard computers, switching and routing, and phased array antenna controls.
Although Alcatel is fully capable of implementing space based onboard processing for commercial
applications, the company has developed a “Switchboard-In-The-Sky” satellite network concept that
performs switching in intelligent ground terminals using ATM technologies. This concept is known as
"Cadenza." With Cadenza, ATM subscriber modules are plugged into a backplane whose plugs and sockets
are antenna dishes. The backplane's traditional copper tracks (in ground-based applications) are replaced, in
Cadenza, by radio links, and the green fiberglass printed circuit board is replaced byliterallythe sky.
Alcatel Microelectronics, formerly Alcatel Mietec, located in San Francisco, California, markets intellectual
property (IP) and “system-on-chip” (SOC) application specific standard products for wireline and wireless
access solutions worldwide. Alcatel Microelectronics will market Alcatel IP and design services to original
equipment manufacturers building highly integrated communications products. Alcatel Microelectronics has
direct access to the IP developed by over 10,000 telecommunications systems designers at its parent
organization, Alcatel. Besides this strong IP base in communications, Alcatel Microelectronics has also
licensed IP from leading vendors worldwide. Alcatel Microelectronics emphasizes advanced methodologies
to manage, develop and assemble its IP, using architectural templates that will support “plug and play”
design. These hardware/software co-design techniques allow the company to integrate its IP portfolio in
new SOC solutions with continuously shortened design cycles. The company will employ its own advanced
mixed signal manufacturing technology for designs requiring the highest level of analog and digital
functionality on a single chip.
Alenia (Aerospazio Division) in Italy has wide experience building onboard processing satellite equipment
including ASIC Components. Alenia is building Skyplex, a digital TV system that uses technology
developed from the ESA OBP work. Skyplex combines six Ku-band digital TV uplinks in the satellite to
form a Ku-band DVB/MPEG type downlink. This equipment was scheduled to fly on EUTELSAT’s
Hotbird 4 in early 1998. This onboard processor has 33 MHz bandwidth, 6.8 kg mass, 24 x 25 x 18 cm
dimensions, and uses 43 W of prime power. It contains down- and upconverters, demodulates 6 digital
carriers (2 Mbits); and combines the data streams for retransmission. An improved model with up to 18
channels is under development.
ESA requires ASIC manufacturers to utilize the VHSIC hardware description language (VHDL) for use in
all phases of the creation of electronic systems to minimize development risks and avoid finding "unpleasant
surprises" late in the development cycle, from ensuring that the correct specification is established, to using
a design methodology and IC technology suitable for high-reliability designs. This design methodology also
enables reuse of ASICs for similar applications, if sufficient care has been taken during the development.
ASIC technologies commonly used for space applications include: ABB Hafo (S) 1.2 µm and 2.0 µm
CMOS/SOS (silicon on sapphire); GPS (U.K.) 1.5 µm CMOS/SOS; TEMIC/MHS 0.8 µm and 0.6 µm
CMOS; TCS 1.0 µm and 0.8 µm CMOS SOI (silicon on insulator). A list of some of the components
developed
for
ESTEC
can
be
obtained
from
the
following
web
site:
http://www.estec.esa.nl/wsmwww/components/ supportlist.html.
Saab Ericson Space is jointly owned by the Saab and Ericson Groups, which offer world class aerospace and
telecommunications/computer technologies. Saab Ericson Space develops and manufactures a large variety
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of spacecraft equipment including onboard computers and data handling systems. For instance, Saab
Ericson Space supplied the computers for the first four SPOT earth observation satellites. The development
of new computers for SPOT-5 and the forthcoming large European satellite for environmental monitoring,
Envisat, is in progress. Saab Ericson Space has developed its own fault tolerant microprocessor, THOR,
specially designed to suit space computer applications requiring high reliability, long life and low sensitivity
to cosmic radiation. THOR is also adapted to the ADA programming language, has been successfully tested
in space, and will be used in the next Swedish satellite project, ODIN, to control satellite positioning in orbit.
The company also led the industrial team that developed the space version of the SPARC microprocessor,
ERC32. Products based on ERC32 are now available.
Telespazio is involved in specific programs and projects for telecommunications that include onboard
processing. The ITALSAT Program is supported by Telespazio both operationally and as a participant.
ITALSAT is a multibeam (six beams using two antennas) digital system that operates in the 30/20 GHz
(uplink/downlink) frequency bands, providing onboard switching of signals using a baseband matrix switch.
ITALSAT F1 was launched in January 1991. ITALSAT F2, launched in 1996, provides multibeam
capabilities at 30/20 GHz as well as ISDN capability. Program objectives are:
•

investigate innovative onboard signal regeneration and switching technologies

•

evaluate performance of a digital satellite network integrated into the terrestrial network

•

collect additional data with which to better understand the propagation impairments that must be
overcome in using 30/20 GHz (and higher) frequency bands for satellite telecommunication

In onboard switching technology, Telespazio is the prime contractor to ESA on Phase B activities for an
advanced satellite system known as OBP. The Phase B activities encompass two main efforts: (1) to define
the system and develop system specifications, and (2) to develop a laboratory model of the OBP that will
include an engineering model of the onboard baseband switch matrix. The major technical innovations of
the OBP package are as follows:
•

new generation VSAT networks that will provide higher data rates and full interconnectivity on demand

•

ISDN services

•

multiple-stage baseband matrix, employing time-switching stages (T-stages)

•

multiple-frequency TDMA for uplink access with a "very tight" synchronization scheme (to realize
symbol synchronous operation) to achieve very efficient exploitation of the uplink capacity

•

experimental and pre-operational phases currently planned will use a "reduced OBP payload" on the
proposed ITALSAT F3, which could be launched as early as 2000

In Japan, CRL is planning ETS-VIII. This satellite is in the design stage and is expected to be a three ton
GEO satellite that will be used primarily for studies of multimedia mobile communications between a base
station and small, mobile terminals. Some onboard processing is anticipated including an onboard switch
and computer system utilizing radiation hardened gate arrays with an SRAM based memory. This system
will be ground controlled and include a 1 Mbps packet switch system. Non-packetized voice and packetized
data will be handled by separate switches.
CRL is also proposing a K/Ka-band “Gigabit Satellite” which will address gigabit (1.2 - 1.5 Gbps), very high
data rate (155 Mbps) and broadband multimedia (1.5 - 155 Mbps) users. The gigabit links will use
SS/TDMA while the others use SCPC/TDM uplinks and TDM/TDMA downlinks with onboard ATM
switching.
In the United States, Aerospace Corporation studied the financial and technical tradeoffs involved in OBP
systems. Advances in waveforms and desire for future flexibility must be balanced with the difficulty of
changing waveforms with a processing satellite repeater, and there is a need for increasing data rates and
system capacity. Aerospace Corporation performed a study for the European Space Agency on the
communications payload for the ICO system to determine if an all digital processing repeater for about 5,000
voice circuits was feasible. The study identified several alternative architectures and how they scaled with
the number of circuits. The conclusion was that the approach of using an FF polyphase filter bank with
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narrowband channelization implementable with available chips resulted in the minimum power and was
attractive.
NASA’s Goddard Space Flight Center has extensive experience in information systems that can distribute
large amounts of data directly from a spacecraft’s onboard scientific instruments to data archive centers
and/or scientists in the field. Goddard has funded the development of numerous onboard processors.
Several satellite programs ongoing at Hughes Space Communications (HSC) include onboard processing;
among these are the 12 satellites for ICO Global Communications (London) that use phased array antennas
with digital beam forming in addition to baseband communications processing. HSC anticipates the density
and the layout of radiation hardened chips to reach the levels of today’s standard CMOS in a few years. In
addition, work in the industry is expected to extend CMOS chips to 8 million gates; extend InP devices to
operate at 200 GHz; and enable the production of new SiGe HBT devices. OBP technology development for
phase array antennas and their associated processors are considered very important for future
communications satellites.
L-3 Communications Systems-West is actively engaged in unique technology development for specialized
airborne antennas, wideband spread spectrum, multiplexers, modems, and command/control hardware. Of
special note is L-3 development of image compression and ASICs for modulator functions. The modem
ASICs are highly programmable to accommodate multiple data rates and modulation types. L-3 is
completing development of an ASIC that will accommodate BPSK, QPSK and 8 PSK modulation with or
without direct sequence spreading and data rates up to 140 Mbps.
Motorola is one of the most active companies in onboard processing. It is currently launching the Iridium
satellites that constitute the first operational commercial use of onboard processing. The Iridium system has
onboard demodulators, switching, and routing as well and orbital location control. The onboard processor
has been constructed using 178 very large scale integrated circuits (VLSIs) designed specifically for the
project. It includes 512 demodulators, with closed loops (via control channels to the hand-held units). For
the Iridium satellite, each user shares 45 ms transmit and 45 ms receive frames in channels that have a
bandwidth up to 31.5 kHz spaced 41.67 kHz apart. All users are synchronized so that they all transmit and
all receive in the same time windows, alternatively. Motorola has extensive plans to develop further
commercial satellite systems that require extensive OBP technologies with an order of magnitude greater
capability than the Iridium system.
NASA Lewis Research Center (LeRC) was responsible for the Advanced Communication Technology
Satellite (ACTS), which is currently in operation. ACTS has an onboard circuit switch and utilizes TDMA
uplinks at 27.5 Mbps and TDM downlinks at 220 Mbps. The switch is controlled from the ground. ACTS
also has a satellite matrix switch (SMS) onboard that performs wideband if switching controlled from a
master ground station. The SMS can be programmed to perform dynamic switching in a cyclical manner. In
addition, the Digital Communications Technology Branch at LeRC has funded development of numerous
OBP technologies such as advanced modems and codecs, fast-packet switches, and multi-channel
demultiplexer/demodulators. In addition, the branch has performed numerous studies related to specific
satellite network architectures that would utilize onboard processing.
Teledesic is building a global, broadband "Internet-in-the-Sky." Using a constellation of several hundred
LEO satellites (288 plus spares), Teledesic’s network will provide worldwide, "fiber-like" access to
telecommunications services such as broadband Internet access, videoconferencing, high-quality voice and
other digital data needs. The Teledesic satellites require substantial amounts of OBP for phase array antenna
control, switching and routing, modulation and coding, orbital location control and intelligent power
distribution. Teledesic has toured the industrial world in order to identify companies that can supply systems
and subsystems.
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PROGRESS IN TWTS AND EPCS
Introduction
A principal element of any spacecraft payload is the transmitter, consisting of a power amplifier and its
associated power supply. This amplifier is usually operated close to saturation (maximum output power
level) in order to attain high efficiency of converting dc energy from the solar arrays into useful radio
frequency (rf) energy that carries the communications. An efficient transmitter produces by nature signal
distortions and other impairments that decrease the communications capacity. The best compromise between
output power and distortion is a function of the communications signals being amplified.
Two types of transmitters are used in commercial satellites, traveling wave tube amplifiers (TWTAs) and
solid state power amplifiers (SSPAs). In TWTAs, the power supply, often called the electronic power
conditioner (EPC), supplies a number of high voltages (usually several kilovolts), which presents some
design challenges.
Traveling Wave Tube Amplifiers
There remain only two major manufacturers of space qualified TWTs in the world, Thomson (including
AERG, Ulm, Germany) in Europe and Hughes EDD in the United States. In Japan, both NEC and Toshiba
have built TWTs for space use with NEC having a larger product line, however, these manufacturers do not
currently have a substantial market share.
Market
Currently the worldwide TWT market (including commercial and military ground and space applications) is
on the order of $500 million; the U.S. market alone is about $250 million. The worldwide market in
commercial space TWTs was estimated at approximately $140 million in 1996. Including military
applications, the total space TWT market might amount to as much as $250 million. Customers for space
TWTs are the satellite manufacturers, and in particular payload manufacturers. These are not just located in
the United States but are now distributed worldwide and include Russia. Worldwide production of space
TWTs is currently about 1,200 tubes per year, the majority split between Hughes and Thomson. Most of
these TWTs have a lifetime in excess of 15 years. Both these manufacturers have a complete product line
from L-band to above 30 GHz with just about any rf power level desired.
All TWT manufacturers have the capability to build EPCs and integrate them into TWTAs. At Hughes the
emphasis is on TWTs, EPCs, and integration of those components into TWTAs. There are several ways in
which the TWT and the EPC can be integrated to form a TWTA. Today many times the TWTAs are
integrated by the TWT manufacturer (Hughes EDD and NEC); frequently the satellite payload manufacturer
procures the TWTs and integrates them with its own EPC (Hughes, Lockheed Martin) or uses a third party
EPCs. In Europe the major manufacturer of EPCs is Bosch Telecom GmbH, formerly ANT. Each integrates
its own EPC with, typically, Thomson (or AERG) TWTs to provide the complete transmitter package to a
spacecraft builder. As with the space TWTs, high efficiency is a prime objective for the EPCs. Today’s best
EPCs achieve efficiencies of over 90%. (Hughes has demonstrated efficiencies as high as 94%.) Further
development work (a switching speed increase to 150 kHz) is expected to lower the EPC mass of a Ku-band
EPC (currently approximately 1,300 g) to less than 900 g.
In Japan both NEC and Toshiba have developed TWTAs for space use. For a 22 GHz broadcast application
Toshiba developed a 230 w coupled cavity radiation cooled TWT, and NEC developed a helix TWT (1.1 kg)
with variable power from 80 to 230 w (adjustable by ground command) and 54.4% peak efficiency. This
TWT does not require a radiator for cooling thanks to diamond rod helix supports. The EPC for both tubes
runs around 12 kV and both will fly on the COMETS satellite. NEC has developed a product line of tubes
from S-band to 44 GHz, as listed listed in Table 3.3.
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Table 3.3
NEC TWT Product Line
Frequency
(GHz)

2.5

4

12

20

22

26

30

44

Rf – Power
(W)

120

5

20-170*

2-30

80-230

20

20

20

* >250 W under development
On the basis of information gained from site visits the WTEC study team concludes that there is a balanced
competition between the European and U.S. TWT manufacturers. Actual hardware delivered into space
shows the Japanese TWT industry to be trailing both Europe and the United States.
R & D Activities
AERG provided an informative graph (Figure 3.8) showing the improvement of TWT efficiency over time
and projections up to the year 2004.
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Fig. 3.8. TWT efficiency vs. time (Thompson).
Improvement in TWT efficiency over the last few years is due in large part to very sophisticated software
modeling and optimization using proprietary computer programs. The availability of new techniques and
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software to perform 3-D electromagnetics calculations has allowed designers to model TWTs much more
accurately and has helped substantially in the design and optimization effort. Further developments of TWT
technology will continue to improve the performance. Over the next few years TWT efficiency is expected
to improve gradually; no major breakthroughs in technology are expected. For instance, diamond helix
supports are expected to bring a small improvement in efficiency. Adding another collector is likely to
increase the efficiency by another 2% while the EPC changes to accommodate a 5th collector are minimal.
For all manufacturers, increased efficiency, reduced mass, and improvements in producibility are important
goals.
In the future the top TWT efficiency will climb over 70%, operating frequencies and power levels will
increase and the mass of both TWTs and EPCs will further decrease. Table 3.4 provides the current status of
space TWTs at HEDD.
Table 3.4
Current Status of HAC EDD TWT Performance
Frequency band

Current production

Demonstrated

Rf output (W)

120

150

Efficiency (%)

62

64

1200

1200

120

140

S-band

Mass (g)*
C-band
Rf output (W)
Efficiency (%)

59

62

Mass (g)*

800

800

Model#

8556

8556#50

Rf output (W)

135

170

Efficiency (%)

65

70

Ku-band

Mass (g)*

850

700

Model#

8898

8815

70

140

Ka-band
Rf output (W)
Efficiency (%)

55

60

Mass (g)*

850

TBD

Model#
966H
Ka-band TWTs have 3 GHz bandwidth.
* add 350 g for radiation cooled option

9130H

The current status and forecast for Thomson/AERG space TWTs is listed in Table 3.5.
performance of NEC space TWTs is listed in Table 3.6.

The current

OPTICAL COMMUNICATIONS AND INTERSATELLITE LINKS
Introduction
Space-based, free-space optical communications is a concept that has been around for many years. In the
last few years, however, there has been impressive activity to bring the concept to fruition in civilian and
government non-classified projects. Today’s market for space-based optical communications is primarily
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intersatellite links (ISLs) which are the main focus of this chapter. There is also a place for high data rate
(many Gbps) space-earth links, though propagation effects due to the atmosphere and weather make this a
much more difficult link. Some activity in space-earth optical communications will also be covered here.
Table 3.5
Current Status of Thomson/AERG TWT Performance
Frequency band

Current Laboratory

Forecast in 2000

52

60

Rf output (W)

60

120

Efficiency (%)

60

67

Rf output (W)

140

220

Efficiency (%)

72

78

75

100

L-band
Rf output (W)
Efficiency (%)
C-band

Ku-band

Ka-band
Rf output (W)

Efficiency (%)
63
72
The efficiency of an S-band TWT would fall between L-band and C-band.

Table 3.6
Current Status of NEC TWT Performance
Frequency band

Current performance

S-band
Rf output (W)

120

Efficiency (%)

52

Ku-band
Rf output (W)

170

Efficiency (%)

66

Ka-band (21 GHz)
Rf output (W)

230

Efficiency (%)

55

V-band (44 GHz)
Rf output (W)

35

Efficiency (%)

41

The usual parameters that system designers want to optimize drive the desire to utilize optical
communications onboard a satellite: size, weight and powerand of course, cost. Under ideal assumptions
about equivalent efficiency of signal power generation, detectors, and receiving surfaces, link equations
show that optical communications systems with telescope aperture equivalent to that of the antenna of a
radio frequency (rf) system could potentially provide tens of dBs of link efficiency improvement, e.g., data
rate, margin, etc. This results strictly from the wavelength difference. These tens of dBs can be traded off
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against reduced optical aperture size, hence reduced size and weight, and the inefficiencies of optical signal
generation/detection, and yet still support increased data rates relative to an rf system.
One significant factor in this trade-off is that the optical system will typically have a much narrower
beamwidth than the rf system. This has both a positive and negative side. On the positive side, a narrower
beamwidth means that the potential for interference to or from adjacent satellites will be reduced. This is
particularly important in large LEO constellations. On the negative side, the requirements for more accurate
pointing, acquisition and tracking (PAT) and the impact that this may have on the spacecraft could impose
an unwelcome burden. Accurate PAT is critical to the acceptance of optical ISLs.
A secondary, though not unimportant, fact about optical communications is that, unlike the rf spectrum
which is regulated by national and international agencies, the optical spectrum is currently unregulated.
Finally, reliability of optical communications systems, particularly their lasers, has been a concern in the
past. This issue is being overcome by advances in optical and laser technology but needs documented space
validation for wider acceptance.
Applications
Intersatellite communications is used primarily for “networking” a constellation of satellites at data rates up
to many Gbps or for data relay purposes from tens of Mbps up to Gbps. These ISLs can be between all the
various orbits that one might consider: low earth orbit (LEO), medium earth orbit (MEO), highly elliptical
orbit (HEO), and geosynchronous earth orbit (GEO). There are currently systems like Iridium and NASA’s
Tracking and Data Relay Satellite System (TDRSS) that are using rf ISLs for these purposes. The ill-fated
Japanese COMETS was to use rf ISLs. There are planned systems like ESA’s ARTEMIS that will use rf and
optical ISLs in the future. It is safe to say, however, that for many of the reasons outlined above, the future
belongs to the optical ISL. This is evidenced by the fact that most, if not all, of the commercial satellite
constellations now being announced, such as Teledesic, will be using optical ISLs. Iridium considered an
optical ISL, but did not fly it primarily for business reasons, i.e., the risk perceived by investors.
Space-Earth links have been, and continue to be, primarily rf. Because of the advantages of optical systems
related earlier, Japanese, European and U.S. researchers are investigating optical space-earth links from LEO
as well as the far reaches of outer space. Optical links face a severe disadvantage due to the effects of the
atmosphere and weather. Solutions include adaptive optics, spatial diversity, and onboard storage with burst
transmission under good conditions. The first applications are likely to be in scientific satellites but as
operational methodologies are developed, space-earth optical links will work their way into commercial
systems.
As will be shown below, space-based optical communications development around the world has been
primarily supported by government agencies. The European Space Agency, the Japanese government, and
NASA and the DOD in the United States have been the main funding agencies. This is changing as the
commercial satellite world integrates optical ISLs, and companies will be willing to form partnerships and
invest more of their own independent research and development funds.
Japan
The Japanese have a strong program in optical communications. The Science and Technology Agency has
designated the Communications Research Laboratory (CRL) of the Ministry of Posts and
Telecommunications as a Center of Excellence for Optical Communications and Sensing. Thus the
government has determined that optical communications and optical technologies, including sensing, are
extremely important issues for Japan. As a Center of Excellence, the CRL has gathered researchers from
around the world and devoted a lot of money for developments in this area. An overview of the types of
links and systems being considered, from ISLs to space-earth links, is shown in Figure 3.9. A comment was
made during the site visit to CRL that all ISLs of the future would be optical.
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Fig. 3.9. Japanese Optical Communications System Plan (CRL).
It is a fairly broad-ranging program with increasing goals as shown in Figure 3.10 from CRL. Current plans
call for investigation of multichannel medium bit rate (300 Mbps) systems using 0.8 µm wavelength
technology while simultaneously developing high rate (1.2 Gbps) systems using 1.5 µm technology, which is
more commonly available, due to terrestrial fiber systems development. In a ten year time frame, the plan is
for operational 10 Gbps/channel systems.

0.8 µm
Medium Bit Rate
(300 Mbps x 4)

0.8 µm
Operational System
(300 Mbps x 4)

1.5 µm
High Bit Rate
(1.2 Gbps x 2)

~2002

0.8 µm
Medium Bit Rate
(1.2 Gbps x 4)

1.5 µm
High Bit Rate
(10 Gbps x 2)

Operational High Rate System

~2006

~2010

Fig. 3.10. Performance targets.
The main players in the Japanese space-based optical communications world are NASDA and CRL from the
government side and NEC on the industry side. NEC has been the main contractor on most of the payloads
so far, although a number of companies—Toshiba and others—are involved in making the parts for these
payloads.
Engineering Test Satellite VI (ETS-VI)
ETS-VI was intended to go into GEO. It did not achieve this, however, and lasted from 1994 to 1996, its
lifespan a result of the effects of being in the wrong orbit. CRL and NASA’s Jet Propulsion Laboratory
(JPL) were able to do some space-earth experiments during the life of the spacecraft. It provided a bidirectional link at 1.024 Mbps using intensity modulation and direct detection (IM/DD). The spacecraft used
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a 7.5 cm diameter telescope. The downlink used a 0.83 µm, 13.8 mW AlGaAs laser diode. The uplink was
at 0.51 µm using an argon laser from a 1.5 m telescope in Tokyo. The Laser Communications Experiment
(LCE) is shown in Figure 3.11. Its mass was 22.4 kg and it consumed 90 W max.

Fig. 3.11. ETS-VI LCE.
Optical Inter-Orbit Communications Engineering Test Satellite (OICETS)
OICETS, which will be launched into LEO in 2000 carrying an optical terminal, will be compatible with the
European SILEX terminal and will communicate with the ESA ARTEMIS satellite in GEO. The Laser
Utilizing Communications Experiment (LUCE) will have a 26 cm telescope with a 50 Mbps intensity
modulated 0.847 µm, 200 mW laser diode link to ARTEMIS and a 2.048 Mbps direct detection link at 0.819
µm from ARTEMIS.
Japanese Engineering Module (JEM) on the International Space Station
An optical communications package will be constructed for the JEM. It will consist of a 1.5 cm aperture
telescope and use 1.5 µm technology to provide 2.4 Gbps links from JEM to earth and to other satellites.
Europe
In Europe, ESA has been a primary driver in the development of optical communications although there
have been a number of national efforts also. ESA is developing the ARTEMIS satellite (Figure 3.12) which
is going to launch on a Japanese H-2 rocket in the year 2000. It will be used for data relay type applications
from LEO satellites to GEO. One of the ISL capabilities will be optical. It will also have the capability of
communicating to an earth terminal in the Canary Islands using the same ISL terminal.
The main players in Europe are ESA and the national governments, particularly the U.K., France, and
Germany on the government side and Matra Marconi Space (U.K. and France) and Oerlikon-Contraves on
the industry side.
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Fig. 3.12. ARTEMIS.
Semiconductor Intersatellite Link Experiment (SILEX)
Both LEO and GEO SILEX terminals (Figure 3.13) built by Matra Marconi Space in France are complete
and ready for integration into ARTEMIS and the SPOT-4 earth observing satellite. SPOT-4 was
successfully launched in 1998. The SILEX terminal has a 25 cm aperture telescope with characteristics
similar to those reported above for the OICETS terminal. The SILEX terminal has been tested and is
performing in accordance with specifications. The maximum range is 45,000 km.
• GEO and LEO flight models complete and
ready for integration
– Matra Marconi Space (Fr.) prime
– 1998 SPOT-4 launch
– 2000 ARTEMIS launch

• Characteristics
– 25 cm aperture telescope
– LEO-->GEO
• 50 Mbps Intensity Modulated 0.847 µm with 120
mW laser diode

– GEO-->LEO (not implemented on SPOT-4)
• 2.048 Mbps Direct Detection 0.819 µm for
communications and 0.801 µm for tracking
beacon

– Max range 45,000 km

Fig. 3.13. SILEX.
Figure 3.14 shows a notional view of a number of optical ISL terminals that have been under development
under either ESA or national funding in Europe. There is a plan in this vigorous development of optical
technologies. ESA has looked at various applications—LEO to GEO, GEO to GEO—and has been
developing a wide set of terminals to satisfy these needs and in a lot of different places.
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SOUT
(7 cm / < 25 kg)

SILEX
(25 cm / 160 kg)

•
•

SOLOCAS
(15 cm / 70 kg)

SROIL
(4 cm / < 20 kg)

Very active and diverse development programs though SILEX is only space
qualified system
Matra Marconi Space (UK and Fr), and Oerlikon-Contraves

Fig. 3.14. European optical terminals (from ESTEC).
Small Optical User Terminal (SOUT)
Matra Marconi Space (U.K.) developed SOUT which is compatible with SILEX, though in a much smaller
package, for LEO-GEO applications (Figure 3.15). This is what they call the elegant breadboard (prototype)
that was completed in 1995 but is not space-qualified. It has a 7 cm aperture and is capable of 2-10 Mbps
using IM/DD and a 0.8 P AlGaAs laser diode. The package mass is 25 kg and it consumes 40 W.

Fig. 3.15. Small optical user terminal (Matra Marconi).
Small Optical Telecommunications Terminal (SOTT)
SOTT is a GEO-GEO terminal capable of 1 Gbps. The terminal definition was completed in 1996 by Matra
Marconi Space (U.K.) for ESA. It was based upon a 20 cm aperture 0.85 µm 2 W laser and used IM/DD.
The package had a mass of 45 kg and required 100 W of power.
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Solid State Laser Communications in Space (SOLACOS)
SOLACOS was a German government funded project at Dornier Satellitensysteme GmbH. It is somewhat
different from the other terminals presented in that it uses a solid state laser and uses coherent reception. It
was developed for GEO-GEO applications with a bit rate of 650 Mbps. It has a 15 cm aperture and uses a
1.604 µm 1 W pumped Nd:YAG laser. Coherent reception uses the “SyncBit” method. It is a relatively
large unit at 70 kg. The terminal breadboard was completed in 1997.
Short Range Optical Intersatellite Link (SROIL)
The latest ESA development is the SROIL (Figure 3.16) under development at Oerlikon-Contraves. The
initial version is designed for LEO constellation-type applications with ranges up to 6,000 km. It has a 4 cm
aperture, is capable of up to 1.2 Gbps, uses BPSK with homodyne detection (“SyncBit”). This version has a
mass of 15 kg and uses 40 W of power. Contraves advertises other versions of the SROIL that can be used
even up to GEO-type ranges.

Fig. 3.16. Short range optical intersatellite link (Contraves).
United States
The United States has a long history in space-based optical communications development as evidenced by
the Ball Aerospace chart (Figure 3.17) from Ball’s web site. Until recently, the U.S. effort has been
primarily directed towards military/government endeavors. Unlike the European and Japanese programs,
much of the information about these systems has been classified or at least dated if available. Recently, with
the realization that optical ISLs are an excellent business line, the U.S. companies involved have begun
marketing their products more openly and aggressively, and in fact reworking them to fit the more
aggressive cost targets of the commercial world.
Even within the military, sponsors like BMDO and SSDC have lately funded optical terminal development
that has been available in the open literature to some extent. ThermoTrex developed an airborne terminal for
SSDC. Astroterra is currently building a system for BMDO that is going to fly on the STRV-2 spacecraft
that will launch in 1998 and is currently going through integration and testing (Figure 3.18). The terminal
characteristics are shown in the figure.
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Fig. 3.17. Ball Aerospace activities since the 1970s.

• Terminal being built
by AstroTerra for
Ballistic Missile
Defense Organization
• Will fly on STRV-2
spacecraft in 1998
• Currently undergoing
alignment/testing
prior to integration
Fig. 3.18. Astrolink-1000 terminal.
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Recently (fall ’97), Ball Aerospace and COM DEV of Canada have announced a new joint venture, Laser
Communications International, to compete in the optical ISL market. This merger capitalizes on Ball’s long
history in optical communications and COM DEV’s commercial space experience with the Iridium rf ISLs.
The joint venture has chosen a 1.55 µm terminal based upon the investment already being made in terrestrial
fiber-based systems at this wavelength and after a study by Ball, SDL, Lucent and USAF Phillips Laboratory
showed that this fiber-based technology was space qualifiable. A prototype 1.55 µm terminal is shown in
Figure 3.19. On-Off Keying modulation is the selected method though DPSK is also still considered as a
possibility.
Gimbal

Point Ahead Mirror
Telescope
Receive
Track

Transmit

Beam Spoiler

Acquisition
Fast Steering Mirror

Fig. 3.19. Prototype ISL terminal from Laser Communications International.
Raytheon, a company with a long history in optical sensing systems, has also recently begun development of
optical communications terminals for the ISL market. Its terminal is based upon a proprietary liquid crystal
optical phased array (Figure 3.20) for beam steering. For most of the same reasons as above, Raytheon has
chosen 1.55 µm for its terminal with a data rate greater than 1 Gbps. It has also chosen intensity modulation
with direct detection because of its simplicity.
The MIT Lincoln Laboratory and NASA’s JPL have programs for U.S. military and NASA optical
communications needs respectively. Lincoln has long been developing 1 Gbps (and faster) communications
terminals. Figure 3.21 is an example of a 1 Gbps DPSK testbed that has been a benchmark by which other
developments have been measured. It is based upon a 1.55 µm wavelength and erbium-doped fiber
amplifier technology. Lincoln also has developed a convolutional encoder and a decoder operating at these
high bit rates for the free-space optical channel. Lincoln Laboratory will be responsible for the laser
communications package to be carried on the National Reconnaissance Office’s Geosynchronous
Lightweight Technology Experiment (GeoLite) satellite. This package will be used to test space-earth
optical communications links—particularly to assess atmospheric effects. TRW will be responsible for the
satellite integration. Few technical details are publically available concerning the capabilities of this
package. At JPL, the emphasis has been on space-earth communications at planetary distances which
usually support only hundreds of kbps or a few Mbps, but the 10 cm aperture Optical Communications
Demonstrator (OCD) shown in Figure 3.22 is capable of up to 250 Mbps and is being upgraded to 1 Gbps
capability for near-earth experiments. It is based upon 0.86 µm technology and uses on-off keying at the
higher bit rates. A version of the OCD being developed for outer planet missions will use pulse position
modulation.
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Fig. 3.20. Raytheon optical phased array.

Fig. 3.21. Lincoln Laboratory 1 Gbps testbed system.

Fig. 3.22. NASA/JPL Optical Communications Demonstrator.
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In addition to those mentioned above, other potential suppliers of optical systems in the United States are
Hughes, Boeing, TRW, and Lockheed Martin.
Trends
In general, smaller, better, and faster characterize the next generation systems. The single most identifiable
trend is towards speed. This has been a dominating factor in keeping pace with terrestrial fiber systems. Ten
Gbps systems will appear within the next few years. Higher power lasers and higher speed laser switching
are aiding in achieving this, along with high speed electronics (ASIC and MMIC). There does not appear to
be universal agreement concerning wavelength. A lot of the earlier work was done at 0.8 µm but there are
now terminals at 1.06 µm. High-volume development associated with terrestrial fiber systems make
components like Erbium-doped fiber amplifiers attractive for space-based optical communications, so many
of the recent systems are focusing on the 1.55 µm range. Regarding smaller terminals, there is a coalescence
of elements in the terminal, making use of the same detectors and a lot of the same electronics for doing
multiple functions. Similarly, lighter components will be developed with new materials that will make these
systems lighter in general.
Conclusion
In conclusion, Japan and Europe have had very vigorous and open development in optical communications
terminals and systems. The U.S. providers have been somewhat hampered by previously classified
programs but this is rapidly changing and many U.S. companies are competing with the European and
Japanese companies for the growing ISL market. It should be clear to everyone that optical ISLs are
coming. When? It should be soon since it is an important application. The first time a Teledesic or some
other company deploys an optical ISL in a commercial system may well open the floodgate. Once these
systems are in orbit and functioning many others will follow. Space to earth is a little trickier because of the
atmospheric effects, and the fact that adaptive optics need to be developed, but there will be commercial
applications of high data rate space-earth optical links in the near future.
OTHER ENABLING TECHNOLOGIES
Progress in Electric Propulsion
There are three broad categories of electric propulsion for communications satellites, according to the
mechanism transferring electric power to kinetic energy: electrothermal, electromagnetic and electrostatic.
Electrothermal propulsion includes resistojets and arcjets (performance of the chemical propellant is
augmented by electrical heating) and is used on operational satellites. Rf or microwave heated thrusters are
in the research stage. Electromagnetic propulsion includes pulsed plasma thrusters (PPT) using Teflon as
propellant (low thrust, LEO orbit and attitude trimming). Electrostatic propulsion includes stationary plasma
thrusters (SPT) and ion thrusters (rf and electron bombardment). Some characteristics and development
status are listed in Table 3.7.
Table 3.7
Categories of Electric Propulsion
Category

Electrothermal

Engine

Arcjet

Electromagnetic PPT (Teflon)

Thrust

Specific Impulse

Specific Impulse

mN

m/s (metric units)

s (U.S. units)

100 - 200

5,000 – 6,000

500 – 600

Development Status

Operational

<1

~9,800

~1,000

Experimental

Electrostatic

SPT

50 - 200

16,000 – 18,000

1,600 – 1,800

Operational/Qualified

Electrostatic

Ion engine

10 - 120

25,000 – 30,000

2,550 – 3,000

Operational/Res.

Despite a long history of development (NASA flew an ion thruster on ATS-6) and extensive use of
stationary plasma thrusters (using the Hall effect) on satellites in the former Soviet union, electric propulsion

57

3. Key Technology Trends—Satellite Systems

had not yet found widespread adoption in commercial communications satellites at the time of the previous
report (1992/1993).
In contrast, the last few years have seen a substantial change in the perception of electrical propulsion as
several manufacturers have adopted some form of electrical propulsion system for north - south station
keeping (NSSK) in GEO satellites and are considering it seriously for LEO application to raise the orbit after
launch. Resistojets are used on the Iridium satellites, Arcjets have been used (Lockheed Martin satellites)
and more recently the first operational ion propulsion subsystem is flying on a commercial satellite (Hughes
HS 601 HP satellite). In addition, there is work in electric propulsion which is not specifically aimed at
commercial communications satellites: a 26 kW arcjet and Hall thrusters (4.5 kW and 10 kW).
In today’s GEO satellites, with bipropellant systems for apogee insertion and station keeping, the fuel
amounts to about half the total mass in GTO. Electric propulsion can reduce the propellant mass needed for
station keeping substantially in exchange for significant use of electrical power (the spacecraft battery may
have to be used for several hours per day).
Another attractive application of electric propulsion is orbit raising for LEO and possibly GEO satellites. As
the time from LEO to GEO may be substantial (several months) an operator may not want to wait that long
without collecting revenue. On the other hand, electric propulsion is an attractive alternative for raising a
LEO orbit as only a few weeks are necessary and the satellite can be used during this time. Finally, electric
propulsion may be used for the final deorbiting of obsolete satellites.
Table 3.8 gives a summary of where electric propulsion may be used advantageously for communications
satellites.
Table 3.8
Applications for Electric Propulsion
Orbit

∆v needed
m/s

Satellite Mass
kg

Thrust
mN

Time

Power needed
kW

GEO station
keeping

50/year

2,000 – 4,000

20 - 200

2 - 6 h/day

1.2 - 2.5

HEO orbit
control

100/year

2,000 – 3,000

10 - 250

3 - 6 h/day

2 - 2.5

GTO

5k - 15k

5,000 – 8,000

100 – 2,000

3 - 12 months

3-5

LEO/LEO orbit
raising

20

300 – 1,500

10 – 100

weeks

.5 - 1

Recent Developments
Hughes has continued development of ion thrusters using xenon as propellant (the program started under
NASA and INTELSAT sponsorship) and is life testing two models called XIPS (two models developed, 13
cm diameter and 25 cm diameter with approximately 110 mN thrust, a specific impulse of 2,675 s and 2.35
kW power consumption). Hughes is using ion thrusters on commercial satellites launched in the past year.
The units will be used for station keeping and also during orbit transfer.
In the last few years electric propulsion technology developed in Russia has become attractive to Western
commercial companies. Although many devices using this technology have extensive flight history in the
former Soviet Union, additional work is necessary to make the hardware suitable for use on commercial
satellites. Multinational efforts are under way to make use of the technology and produce hardware qualified
to Western standards. One example is a joint venture, International Space Technology, Inc. (ISTI) (founded
by SS/L, Fakel and RIAME and including SEP and Atlantic Research) that has integrated Russian and U.S.
components into an electric propulsion subsystem and performed a complete qualification program. The
subsystem consists of a Russian 100 mm stationary plasma thruster (SPT-100) and xenon flow controller, a
U.S. power processing unit, tank and propellant management assembly. At least two satellite manufacturers
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have expressed interest in using such a subsystem. Currently, a disadvantage of this type of thruster is the
wide divergence of the exhaust jet. Research in Russia (sponsored by SEP) is addressing this problem.
Updating the information in the 1992/1993 report on Japanese and European developments, the two
European ion thrusters (developed by DASA and MMS) are scheduled to fly on the ARTEMIS satellite in
2000.
In Japan, ion engines developed by Toshiba have flown on the ETS-VI satellite. Despite the problems with
orbit injection of this satellite, the units were tested in orbit. The same electric propulsion subsystem will
also be used on COMETS.
In conclusion, much basic research on electric propulsion for communications satellites has been completed
and the advantages are clear. What remains to be accomplished is to establish a solid track record of
reliability in orbit. As this depends on many engineering and design details, as well as on parts reliability,
further design iterations will be necessary in addition to more research and testing, to understand any
potential life limiting factors. Nevertheless, it is expected that electric propulsion will see much wider use in
the future of commercial communications satellites.
Thermal Control
Most of the prime dc power on a communications satellite is used by the transmitters in the payload. In
today’s satellites, the dc to rf efficiency for SSPAs is around 35% and for TWTAs around 50 to 60%.
Therefore a substantial part of the dc power is dissipated and must be removed from the spacecraft. In a
modern three axis stabilized GEO spacecraft (shaped approximately as a cube) only the north and south
facing panels can be used to radiate heat to cold space (they are inclined with respect to the ecliptic at
approximately 23 degrees and will receive some solar radiation); all other sides will be exposed directly to
the sun at some time during the day, thus preventing effective heat rejection. The north and south facing
panels carry usually a major part of the heat producing payload on the inside and the solar array on the
outside. Heat pipes are used by most communications satellites to carry the heat from transmit amplifiers to
radiating surfaces and equalize the temperature inside. A new, much lower cost, heat transport system to
equalize temperatures between north and south panels has been developed in Europe. Conventional pipes
connect two fluid loop exchangers (using a proprietary material) located on the north and south panels
respectively. This design avoids bends in conventional grooved heat pipes.
As satellite prime power increases from 5 to 10 or more kW (see Figure 3.1), there is a consensus in the
industry that thermal control is a major problem because the radiating surfaces are not increasing
correspondingly in size. One solution envisaged by several manufacturers is deployable radiators. Further
developments are needed to provide reliable solutions.
Another area of concern is thermal control in onboard processors. These have substantial dissipation; on the
order of 500 to 1,500 W of heat must be carried away from a small box and radiated to space. Heat pipes
can carry heat from one place to another, however, they are bulky. The main problem is to carry the heat
from the semiconductors to the outside of the electronics enclosure.
The panel did not see any specific R&D work on thermal issues that would appear to provide long-term
solutions to thermal control problems.
Attitude Control
In contrast to the 1992/1993 study, the panel did not see any specific R&D to advance the state of the art of
attitude control systems in a major way. Conventional systems for three axis stabilized spacecraft with earth
and Sun sensors, momentum wheels, jets and associated electronics are in production at many manufacturers
all over the world. Star trackers (to improve pointing accuracy for large antennas with very narrow beams)
are being developed in the United States and Japan, but are still far from operational use due to cost and
operational complexity. There is engineering work on laser gyros in the United States, with improved
versions eventually capable of replacing conventional gyros used for attitude sensing.
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In the last five years, GPS receivers have been used on satellites to establish location and also attitude. The
technology used for these receivers is conventional; only the application is novel.
SMALLER SATELLITES (LEO AND MICROSATS)
As reported herein, development continues towards producing ever higher power geostationary satellites. As
a counterpoint to this trend, the advent of the “little LEO” and “big LEO” systems have given rise to many
innovations in spacecraft design and manufacturing aimed at producing smaller satellites at lower cost.
Motorola and Loral have created special factories for assembling the relatively large number of LEO
satellites for Iridium and Globalstar. Manufacturing is treated as an end to end process, designed for
efficient flow, continuous process improvement, and significant reduction in incremental testing, while also
meeting high reliability goals.
These new concepts are also being applied to GEO satellites for certain applications. An example is
Cakrawarta-1, launched in 1997 for Media Citra INDOSTAR by Orbital Sciences Corp (OSC). Cakrawarta1, shown in Figure 3.23, was developed by CTA prior to its acquisition by OSC. The Surrey Satellite
Research Center is producing UoSat-12 (about 350 kg or 770 pounds) for Singapore. It carries 38 m
resolution multispectral and 10 m monochromatic charge coupled device cameras with sophisticated onboard
image processing, together with both VHF/UHF and L/S-band satellite communications. This satellite will
fly in a LEO orbit. These mini-satellites in the 700 to 1,500 pound class are produced from technology
largely within the envelope defined by large GEO satellites, yet may benefit from weight reduction
technology aimed at the larger spacecraft. The mini-satellite will also offer opportunity for new technology,
an example being an electric thruster produced at the Surrey Center. Matra Marconi has developed a new
mini-satellite bus called LEOStar.
Microsatellites continue to be flown, with many carrying experiments. The Air Force Phillips Laboratory
plans to fly a series of experimental satellites, some of which may include communications technology
experiments. An example of a microsatellite produced by Surrey Satellite Research Center is shown in
Figure 3.24. An interesting use of the microsatellite program is to provide an affordable focus for smaller
countries to become space faring nations. Such a program, which can also incorporate graduate engineering
training at University of Surrey, has been accomplished with Malaysia, Korea, Singapore, and Spain.
15821564

Fig. 3.23. Cakrawarta-1 launched for Media Citra INDOSTAR by Orbital Sciences Corporation.
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Fig. 3.24. Surrey Space Center’s FASat-Bravo microsatellite for Chile.
The Orbcomm satellites are being launched with the expectation of a full constellation of 26 satellites in
1998. These micro-satellites (~98 pounds) provide multiple access with 2,400 bps uplinks and 4,800 bps
downlinks to handheld data terminals. Orbcomm will be the first large scale LEO system with a
constellation providing continuous coverage. VITA has operated SateLife store and forward satellites for
remote medical consultation since about 1992, when UoSAT-3 was launched. Several additional satellites
are now used in this network.
CHALLENGES
There are many challenges in satellite communications ahead: one of them will be to keep the interest in
supporting R&D in various necessary disciplines after the current wave of enthusiasm and spectrum
allocation for new systems and higher frequencies subsides. The list of needed technology developments is
long, but progress on all fronts is necessary if the longer term future of satellite communications is to be
assured. The following list of technologies needing long-term attention could define a well rounded R&D
program.
•

batteries

•

devices and structures for phased array and multiple spot beam antennas on ground and in space

•

fuels and combustion structures for launch vehicles

•

high frequency (>20 GHz) devices

•

materials for electronic devices

•

solar cell materials and structures

•

network technology for high data rate, integrated space and terrestrial systems

•

optical components and sub-systems

•

radiation resistant device structures and circuits
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•

strong and lightweight materials

•

thermal dissipation materials
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It may be difficult to realize the benefits from the large number ("automobile manufacturing") approach,
under financial pressures to go into revenue service as soon as possible. The numbers for satellites are too
small to reap statistical benefits from long manufacturing runs. The individual satellites are too expensive to
"throw away" if they are defective or to "test to death" the first 10% of a satellite production run. Motorola’s
example of a "6 sigma design & manufacturing" approach must be confronted with the 6% initial failure in
orbit that has actually been experienced.
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CHAPTER 4

KEY TECHNOLOGY TRENDSGROUND SEGMENT AND
LAUNCH SYSTEMS
GROUND AND USER TERMINALS
Introduction
While the hundreds of satellites have been the symbol of progress in satellite communications, the millions
of ground terminals in all frequency bands represent an equally profound achievement. The ground
segments now comprise a large portion, if not the majority, of the total cost of a new system. Satellites and
terminals have tended to be independently produced, suggesting that they are in fact independent (with
notable exceptions). But in recognition of their significant percentage of system cost, the relationship of
satellite system design and terminal designand ultimately terminal costhas become more openly
recognized and debated. Design activities for personal and mobile consumer-oriented systems that demand
low cost terminals are largely responsible for the increased visibility of this important principle; and, indeed,
led to its observation during the WTEC panel’s site visits.
Much cost oriented terminal design has been taking place since the 1992/1993 study, and is implicit in the
maturation of mobile and personal systems. The same principle must be employed in the future for
consumer and business user Ka-band multimedia systems. An aspect of the terminal design consideration is
the need to exploit the cost versus quantity relationship (Brandon 1994).
The anticipated continued growth of VSAT networks and satellite television broadcasting, and the
introduction of personal and mobile systems and direct-to-user-services, together provide a broad basis for
anticipating a very large future market for satellite communications terminals. In general, cost will decline
as a function of large quantities, lower frequency and smaller size. The original U.S. ground terminal at
Andover, Maine employed a 177 ft. steerable folded horn. A folded horn resembles a cornucopia; and the
Andover horn is, in fact, a beginning point or inspirational source for all satellite terminals. Figure 4.1
depicts the present and predicted future populations for five classes of terminals discussed in this section.
This chart depicts the evolutionary trajectories in quantity, size and frequency space, flowing out of the
Andover horn. Quantities reach into the millions for several classes. The figure summarizes both the actual
history and a future projection.
Major trend-making terminal classes with future impact are discussed in this section. Several classes,
including news gathering terminals, are not discussed.
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Fig. 4.1. Evolution of satellite terminals in number of terminals, frequency and size (1965-2007).
VSATs
Ku-band VSATs
Very small aperture terminals (VSATs) have extensive uses in business and government and are anticipated
to have expansive roles in future Ka-band systems. VSATs are here considered to include a transmit
capability. Small receive-only terminals are a separate category discussed elsewhere in this chapter.
In developed countries, the ability to bypass existing infrastructures with a private network has achieved cost
savings. In less developed countries, the possibility of establishing a distance-insensitive, modest cost
network, using a satellite transponder with VSATs and a hub station, enables many cost-effective
applications. The broad generality of VSAT uses and applications will enable continued worldwide growth.
The majority of VSATs operate at Ku-band. The worldwide number is difficult to determine with any
precision. We estimate that for 1997 there were about 300,000 units worldwide. Considering the needs in
Asia, Africa and S. America, the number should easily double within ten years.
While Ku-band is allocated for fixed service, an airborne Ku-band VSAT exists and there has been much
activity in developing airborne receive-only array antennas. Historically, C-band VSATs were allowed
through introduction of spread spectrum signaling that prevented interference (due to broad beamwidth of Cband VSATs) to adjacent satellites. Similarly, OMNI-Tracs is a mobile (vehicular) service (at Ku-band in
the United States and Europe, at C-band in Latin America). It may be that similar spread spectrum
techniques will allow introduction of airborne VSATs in Ku-band.
The VSAT consists of an outdoor unitantenna with low noise amplifer (LNA) and power amplifier located
at the feed to minimize line loss, and a MMIC low noise down converterand an indoor unit (down
converter and digital electronics that vary depending on the application). With the advent of large quantity
production, VSATs may be integrated from parts available from many sources. Much experience is needed
for volume production of high reliability units. Figure 4.2 shows a group of VSAT outdoor units at Hughes
Network Systems being operated to assure quality before shipment.
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(Courtesy of Hughes Network Systems)

Fig. 4.2. VSAT terminal quality assurance test range (Hughes Network Systems).
Ka-band VSATs
A number of Ka-band systems are planned for providing wider bandwidth (>10 kbps to 100 kbps) and “wide
bandwidth” (~1.5 Mbps to 155 Mbps) services to small VSATs (~45 cm to 60 cm diameter antennas). These
systems are based on providing video conferencing, private “intranet” services, telemedicine, teleeducation,
direct two-way Internet access and multimedia communications of the future. As described, the systems are
a new type of fixed satellite service (FSS).
Many of the envisioned services and applications would be offered to the private or home user. There is
broad consensus that the VSAT terminal for consumer application must be carefully engineered for a total
cost of $1,000 or less. Systems providers are engaged in defining means for accomplishing this goal. While
details are proprietary, it appears that the cost goal is within reach.
The business user terminal would be expected to access satellite capacity with higher burst rates and
simultaneously serve multiple individuals, for example, at one business location or facility. Because of the
business application, service to multiple users, and other factors, the business terminal would be somewhat
larger and higher in cost. Planning estimates have suggested a cost goal of about $10,000 for the business
terminal. The business Ka-band terminal could use many of the components developed and produced for the
private or home use terminal, thereby realizing benefits of a larger production base. To reach the cost goals,
application of the cost versus quantity principle must be recognized and creatively applied.
An example of a multimedia VSAT design which is innovative yet sensitive to cost is that under study by
KDD (see site report for KDD, Appendix C). A bi-directional (transmit and receive) multimedia service is
envisioned with a 46 cm aperture receiving a 40 Mbps time division multiplex (TDM) waveform transmitted
by a 7 meter hub. The return link (from user to hub) would be 128 kbps binary phase shift keying (BPSK)
chirped (for low cost) to spread the energy over a 500 kHz bandwidth.
Terminals for systems such as Teledesic that use lower altitude orbits introduce the problem of “handover”
(from one satellite to another) during a session. Achieving low cost terminals would seem to require a single
antenna aperture and rapid handover also suggests phased array antennas.
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TVRO (Television Receive-Only) Terminals
Because of the compelling nature of video, direct-to-user satellite delivered television is possibly the most
important medium ever produced for mass communications; and mass communications is achieved only
because of the low cost receive-only terminal (TVRO). Television receive-only stations now outnumber all
other types of terminals, with highest populations in North America, Europe, and Asia.
Ku-band television receive-only stations are now proliferating in the United States, Europe and Japan.
(Some of the factors for this pattern are outlined below.) The typical TVRO antenna is about 46 cm (18
inches) in diameter. A LNA followed by a block frequency downconverter produce an rf signal at a
microwave intermediate frequency (IF) suitable for transmission through a coaxial cable. The low noise
block converter has been mass produced in the form of a monolithic microwave integrated circuit (MMIC).
This device has become the most widely produced microwave component in history. The IF signal is
delivered to an indoor unit (usually termed a “set top box” in digital television applications). The set top box
selects the appropriate carrier, processes the signal and converts it to analog form for presentation. Digital
television has become economical due to compression algorithms that allow 10 or more television channels
per carrier/transponder.
The technology for producing TVRO terminals is well established and costs have been driven down by mass
production. Current world totals are shown in Figure 4.1.
Distribution of analog television signals (e.g., to cable head-ends and hotels; in education systems, sporting
or other news events; and for major network program distribution) remains a major use of satellites. The
population of terminals for this type of use is again difficult to estimate (but is likely to be on the order of
10,000 in the United States). Within the United States, availability of these downlink signals (at C-band) led
to low cost “back yard” antennas for private use; the population of these is estimated to be 2.5 million, and is
not likely to increase due to the availability of digital TVROs at a fraction of the cost of the larger analog
units.
When digital broadcasting was introduced in Japan, the number of digital TVROs purchased reached a
million within six months. The antennas are so small that they do not violate cultural concerns for clarity
and order, and may be seen today throughout Japan. This is an important observation, because the
multimedia home or personal terminal will be of similar size and configuration, and therefore will have no
impediment to broad application. Some private TVRO antennas in use in Japan are shown in Figure 4.3.
Handheld Terminals
The dream of a handheld terminal for satellite communications seemed distant as recently as 1990. But
imaginative application of technology developed for use in other contexts produced system designs enabling
handheld voice terminals.1 Handheld data terminals have also been created for little LEO data systems.
Orbcomm terminal designs have been complete for several years. However, no handheld satellite terminals
of any kind are as yet in volume production.
The handheld terminals for voice are being designed and produced for market trials beginning in 1998.
Data terminals are not yet in volume production but are available as engineering models from multiple
sources. The hand held data and voice terminals are exemplified by the Torrey Sciences data terminal for
Orbcomm, and the Motorola Iridium handset, illustrated in Figure 4.4. A small transportable terminal for
use with store and forward microsatellites (i.e., typically 50 kg in weight), both produced by the Surrey
Satellite Research Center at University of Surrey, U.K., is also illustrated. (The store and forward link data
rate with the Surrey microsatellites is typically 10 kbps, and about 750 kilobits can be received in a single
satellite orbital pass.)

1
Iridium is said to have been suggested by conventional terrestrial cellular technology and Globalstar combines CDMA
cellular telephone technology and high performance phased array components developed for SHF military use. Both
systems incorporate other innovations as well.

4. Key Technology Trends—Ground and Launch Systems

67

Kyoto, Japan, June 1997
Fig. 4.3. Satellite television receive-only terminals in Japan.
The terminal concepts in the center row of Figure 4.4 are based on the ubiquity of personal computers and
related technology. These concepts may use a computer as the input/output device (i.e., for composing
messages and displaying received messages), becoming a satellite terminal by addition of a small applique
box, similar to an “outdoor unit” for a VSAT; or the rf functions may be integrated to produce terminals that
resemble laptop computers. Some of these terminals incorporate a voice capability and are highly portable
but are not considered “handheld” for purposes of this discussion.
Globalstar handsets are termed user terminals or UTs. Reflecting the multi-mode philosophy, there are 3
types of UT: Globalstar only; Globalstar & GSM; and Globalstar, GSM & AMPS. Qualcomm is designing
and building the handsets; Orbitel (owned by Ericsson) will build handsets in the U.K. in addition to
suppliers in Italy and Korea. The CDMA parts are delivered by Qualcomm; the power amplifier chip is
made in Japan. Currently the GSM/AMPS parts are joined with a CDMA phone, with no integration except
for battery, microphone and headphone. Integration will follow later (functions on single chips, same data
rates, etc.). UT software comes from terrestrial cellular phone applications. As is also true for Iridium, the
Globalstar gateway software has taken major large pieces of code from terrestrial base station software.
The Globalstar UT is light and has a deployable, dual quadrifilar helix type antenna that must be held
vertically. Doppler effect is compensated for between gateway and satellite. Predictions help the UT to
acquire the signal quickly. Call setup is via a random access channel; after a connection has been
established, all control information is transmitted via the communications channel, including the power
control (update rate, order of seconds). The CDMA handset could benefit from miniature filter technology
realizing lower out-of-band emissions and also from a more efficient high power amplifier (HPA). Filters
for the out-of-band emission problem are difficult for CDMA, in particular for a higher power automobile
unit. The ICO system is expected to produce a handheld voice terminal but details are not yet available.
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Mitsubishi MSAT
(1994)
Surrey LEO Satellite Terminal

PC Based

Integrated

PC with External Applique

Iridium

Hand Held
Orbcomm
Data Terminal (~1996)

Fig. 4.4. Handheld and highly portable communications satellite terminals.
PORTABLE AND MOBILE TERMINALS FOR MULTIMEDIA & BUSINESS USE
Introduction
Satellite-based multimedia service for the consumer is an important part of the business plans of many of the
Ka-band systems now under construction. This has developed as an important activity since the 1992/1993
study. Research programs like ACTS, Japan's program in highly intelligent communications, Italy’s
ITALSAT, and the European DIGISAT, ISIS and MMIS projects, demonstrate that the feasibility of
satellite-based interactive multimedia services, are laying the necessary groundwork. The development of
portable and mobile terminals for these applications should proceed rapidly along an evolutionary path
sinceexcept for reducing terminal size and costfew hardware innovations are involved.
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Japanese Activities
Mobile multimedia satellite service is an important research area in Japan. Japanese researchers are looking
at all aspects of networked multimedia communications, of which satellites and satellite terminals are but
one part (Figure 4.5). Japanese research includes both direct satellite systems (Figure 4.6) and cellular
systems supported by satellites (Figure 4.7).

Fig. 4.5. Japanese concept of a multimedia network.

Fig. 4.6 Japanese concept of a satellite-based multimedia network.
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Fig. 4.7. Japanese concept of a cellular multimedia network supported by satellites.
One of the missions of the Japanese ETS-VIII satellite (2002 launch) is to provide Internet services for
mobile users. Planned experiments will test e-mail, file transfer, World Wide Web, and videoconferencing
between mobile users and network computers. Figure 4.8 and Table 4.1 indicate the general concept of the
program and indicate some of the parameters, respectively. The terminals will transmit approximately 20 W
and operate with 10 m class antennas on the spacecraft.

Fig. 4.8. Planned multimedia experiments with ETS-VIII.

4. Key Technology Trends—Ground and Launch Systems

71

Table 4.1
Link Parameters for ETS-VIII Mobile Multimedia Experiments
Modulation

π/4 – shift QPSK

Demodulation

Coherent detection

Information rate

512 kbps (forward error correction (FEC) on) or 1024 kbps (FEC off)

Error correction

FEC (convolutional coding (k=7, R=1/2), Viterbi decoding)
Selective repeat ARQ

Error detection

32 bits CRC error detection

Link access method

Modified slot ALOHA (random access + reserved access)

Collision detection

Announce from satellite

Slot length

8 msec

Frame format

Multi-frame
Minor frame: 128 msec
Major frame: 1.024 sec
Super frame: 8.192 sec

Switching port

2 feeder links, 2 mobile links

Routing protocol

First phase: bridge (addressing in datalink layer)
Second phase: TBD

Download function

Download from base station through feeder link

MPU

RAD6000 (10 MHz)

OS

VxWorks

Multiple access is a key issue in satellite multimedia terminal development since the earth stations cannot
hear each other’s uplink transmissions and the network cannot rely on the carrier sense multiple access
(CSMA) protocols commonly used in terrestrial local area networks (LANs). The ETS-VIII experimental
terminals will be able to select both random and reserved ALOHA schemes.
Large Japanese companies like Fujitsu are aware of the commercial possibilities of satellite multimedia
delivery and already offer integrated voice, data, and image in their VSAT systems. (These probably will be
extended to mobile and portable applications. Fujitsu’s 1996 annual report describes the company as
aggressively developing its network based multimedia business.)
KDD is developing an ultra small Ku-band USAT antenna targeted for multimedia services, coming to Japan
early in 1998. PerfecTV has already introduced digital DBS; DirecPC also has been introduced, but it uses
the PSTN for the return path. A bi-directional (all satellite) multimedia service is envisioned with a 46 cm
aperture. A 27 MHz transponder will support a 40 Mbps QPSK time division multiplex (TDM) wave form
transmitted by a 7 meter hub. The return link (from user to hub) would be 128 kbps, using a chirped binary
phase shift keying (BPSK) wave form. The chirp is used to spread the energy over a 500 kHz bandwidth
and is sufficient to prevent interference, allowing for a 0.5° pointing error for a home installation, with 3°
orbit spacing. A 1 W transmitter will be integral to the outdoor unit, designed for continuous transmission in
20°C air. Use of TDM multiple access is anticipated and will produce a low duty cycle.
European Activities
European companies and laboratories are also developing multimedia satellite systems and planning portable
and mobile services. The SECOMS/ABATE projects, described to the panel by Alenia Aerospazio, have as
their objectives "to manufacture…vehicular land-mobile and aeronautical terminal prototypes…using
electronically steered array antennas...[and] to demonstrate the feasibility of broadband multimedia satellite
services…for mobile users with flexible data-rate assignment." SECOMS/ABATE will "define an advanced
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satellite system configuration, envisaging portable/mobile terminals to cope with various environments and
for individual/collective use." Figure 4.9 illustrates the proposed network architecture and indicates some of
the anticipated data rates.

Fig. 4.9. Proposed European multimedia network architecture from SECOMS/ABATE projects.
Airborne and Ship Borne Terminals
Airborne and shipborne terminals have continued to grow in population at an increasing rate. These
terminals might be considered an intermediate class between “personal” (individual, single user) and the
more traditional larger FSS terminals not associated with a particular user or group of users. In any case,
airborne and shipborne terminals are both important in themselves and possibly as indicators or precursors to
the larger market included within the category of mobile systems (MSS).
Inmarsat maintains a record of commercial aircraft having terminals installed. As of the end of 1997, there
were 856 installations. The majority of these are 5 channel units on large aircraft that allow passenger
telephone service. Inmarsat type qualifies terminals and there are a number of certified terminal providers.
Inmarsat also maintains records of ship terminal commissions. As of the end of 1997, there were 50,687
Inmarsat shipboard terminals in service. Improved, lower cost technology and competition have both helped
to lower the cost of Inmarsat airborne and shipborne terminals. It is perhaps significant to note that the
service provider originally ordered 200 ship terminals on speculation, partly with the intention that a large
order would encourage tooling for quantity and other cost saving approaches for terminals. This decision
not only made a terminal product available but also held the initial price to $50,000. This is an historical
example of a creative exploitation of the cost versus quantity relationship.
The more important development in airborne terminals is the successful production of phased arrays at Kuband for aircraft, by Boeing. A photograph of the low profile Boeing Ku-band phased array is shown in
Figure 4.10, which also includes a few examples of other airborne and satellite phased array antennas from
around the world. This set is by no means exhaustive. An overlooked aspect of phased array antennas is
their use in synthetic aperture radars being flown on satellites. The activity for earth observation is
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synergistic with communications satellite applications (e.g., requiring manufacture of large numbers of
efficient, small, and reliable array elements).

Boeing Ku Band Airborne Array

SPAR 30 GHz Seven-Element Active Subarray

CRL 20 GHz Waveguide-Slot-Array Antenna

CRL 47 GHz Prototype Torus-Reflector Antenna

KDD S Band Aircraft Array

Fig. 4.10. New aircraft and mobile antenna designs.
The communications antennas allow reception of DBS where satellite coverage permits (i.e., currently, there
is not a lot of coverage over oceans where it might be most useful to airlines). Current systems would
suggest two way airborne terminals at Ka-band; however, the cost associated with current technology may
slow the spread of such terminals. The alternative is to employ lower gain arrays either made possible by
lower altitude systems (e.g., Teledesic) or enabled by still higher effective radiated powers (EIRP) GEO
satellites. In any case, development of airborne arrays will be an important area of future development.
Hubs and Gateways
A "hub" is a large aperture terminal that is used as a central network control of smaller terminals
(e.g.,VSATs). The hub assigns transmit and receive channels, monitors traffic for billing purposes, relays
messages between VSATs (if required) and connects the VSATs to other media. When the other medium is
the public telephone system or another satellite system, the hub is functioning as a "gateway."
Gateway terminals have been inherently designed into the fabric of nearly all personal/mobile and little LEO
data/messaging satellite systems. The rationale for this is to allow country by country connection to the local
responsible government post and telegraph (PT&T) authority or independent carrier. The assumption is that
calls or messages will likely originate or terminate at telephones, with a mobile terminal at the other end of
the link. The gateway therefore provides both a telephone interface and a central point for traffic monitoring
for local billing. This rationale also applies when a mobile terminal is at both ends of the link. The
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possibility of revenue generation also creates globally distributed interest and potential participation in
financing the overall system.
Since the Inmarsat consortium has 81 participating countries and INTELSAT has 165 signatories, each
personal/mobile system has the potential of about one hundred gateway stations. Since the personal and
mobile systems use low and medium orbits, multiple satellites may be in view and each gateway station may
have multiple terminals. An Iridium gateway station toured by the WTEC panel had five antennas. It was
determined by analysis that for Globalstar gateway locations, 3.1 antennas were needed on average, so
usually four antennas were provided. Gateways are under construction around the world for Iridium,
Globalstar and Orbcomm. Gateway technology is no problem, and no major initiatives are needed. Most of
the gateways employ U.S. technology.
Multimedia Ka-band systems may employ hubs (e.g., for intranets) and gateways for enriched connectivity.
Although typically regional in geographic focus, these systems have multiple country coverage and the same
rationale for gateways as the global systems.
Hubs and gateways typically employ 4 to 10 m antennas. The antennas and all other radio frequency
components are available as existing products (feeds, LNAs, HPAs, frequency converters). One distinction
is the requirement to track moving satellites for systems using lower orbits. This has not been typical for
geostationary satellite systems and places a new mechanical design/reliability requirement on the gateway
terminals, which must be ultra-reliable due to the central role they perform in communications. Radar
antennas provide some useful experience and technology; and redundant backup or a single spare antenna
per gateway will allow high gateway availability.
Military Terminals
An important recent change of direction in U.S. military satellite communications has been the congressional
direction to emphasize the use of commercial systems. Changes in the world situation and evolving defense
roles have resulted in review of terminal performance characteristics. A significant investment exists in the
form of UHF (300/250 MHz), SHF (8/7 GHz), and EHF (44/20 GHz) military terminals, making a sudden
shift to commercial use both difficult and costly. “Use of commercial systems” would seem to imply use of
commercial terminals (L/S, C, Ku-band). In particular, commercial systems can not be viewed as “in place,”
since locations of military operations are uncertain and maneuvering of forces requires either transportable
or mobile terminals.
For ground terminals, an alternative concept is to provide terminals capable of operation in any of several
frequency bands (e.g., C, X, Ku). The operational advantage is the ability to employ multiple satellites in
any location due to the high population of commercial satellites. Advanced versions of such “tri-band”
terminals have lower weight, volume and cost than the single band terminals they are to replace. An
important development achieved by L3 Communications is an antenna feed capable of operating across the
C through Ku-bands without adjustment or change of components. A photograph of an antenna with this
feed is shown in Figure 4.11.
Introduction of a global broadcast system at Ka-band will result in a need for receive-only terminals for
ground, aircraft and ship applications. The quantity of such terminals will depend on the use of the
broadcast channel and consequent organizational levels using the broadcast information. The success of
direct broadcast satellite television and low cost receive-only terminals will likely lead ultimately to broad
use and a large population of terminals. Plans now call for receive-only terminals; specific information must
be requested via other communications systems (i.e., rather than via a direct satellite uplink from the receive
terminal).
A need to address satellite replenishment for SHF and severe budget constraints has led to planning studies
suggesting the possible future use of Ka-band. A Ka-band system would make possible a two way terminal
that might closely resemble the Ka-band multimedia VSAT. Proximity of commercial and military or
government Ka-band frequency allocations suggests the possibility of a shared technology and production
base, thus offering a promise of cost savings.
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Fig. 4.11. L3 Communications antenna incorporating proprietary very wideband feed.
Government needs, particularly military applications, require mobile and airborne capability. Presently
planned Ka-band commercial systems have two potential problems in this regard, namely coverage and
adaptability for such mobile users. The commercial systems are aimed at population centers of highly
developed countries, whereas humanitarian and military operations historically have been most often in
undeveloped areas, precisely where coverage is not planned. This apparent disconnect between the
commercial plans and government needs is discussed in two papers presented at the 1997 Third Ka-band
Utilization Conference (see site report, Appendix B).
A cutting edge issue will be airborne terminals. A variety of considerations point to phased arrays as the
appropriate choice but current gain requirements demand large numbers of array elements resulting in high
costs. Further evolution of systems to allow lower cost antennas and to facilitate mobile terminals was
independently suggested in two papers at the Third Ka-band Utilization Conference.
Technology Assessment and Challenges
The major challenge for commercial systems is the achievement of low cost of production to encourage
rapid market development. This applies to both mobile/personal systems and to multimedia VSATs. In
particular at Ka-band, low cost microwave components such as solid state amplifiers (1 to 5 W rf power)
have to be developed before market success is likely.
A major challenge is to achieve high performance airborne antennas at reduced cost. Progress in receive
arrays for Ku-band GEO systems is encouraging. However, extension to low cost transmit and receive
arrays for Ka-band airborne applications needed for both commercial airlines and government/military uses
remains a challenge.
A similar airborne terminal challenge (high performance/low cost) will exist for LEO/MEO systems.
Since systems design can in principle bundle many combinations of services and data, determining the
associated combination or set of terminal features that can both be produced within cost goals and achieve
the required market appeal may prove the critical challenge determining the economic success of many
systems.
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A general challenge to government/military terminals is interoperability with allies. Introduction of the use
of commercial bands will not ease the dimensions of this long standing interoperability problem. A specific
challenge for military terminals is to provide the required features without extensive redevelopment of
commercial products. The advent of consumer oriented satellite communications together with reduced
defense budgets greatly diminishes opportunities for technology leadership through innovation for military
terminals. Innovation is expected to come for the commercial terminals; however, there will remain military
features and requirements that may not be satisfied without targeted or focused development.
Interoperability features of handheld terminals are important. Terminals having several modes, such as one
satellite and one terrestrial cellular standard, are expected. But more diverse functionality may be both
highly useful and a market differentiator (for handset providers). “More diverse functionality” refers to the
possibility of being able to operate in more than one satellite system and/or more than one cellular system.
The continuing improvement of digital components (reduced feature size, lower voltage operation,
processing power, software libraries) due to advances in the computer industry will offer much of the raw
material needed for handset innovation and multi-mode functionality. Of course, selection of particular
technologies and adaptation and specific development for terminals will be required. Improved and
innovative visual displays will suggest changes in services (and increases in link data rates) and again
challenge terminal designers to achieve low cost, even with the addition of displays or other media features.
LAUNCH SYSTEMS
Introduction
The increased use of commercial satellites to meet the burgeoning worldwide market for telecommunications
has placed increased demands on the launch service industry. The capacity of this industry will not be
adequate to meet the needs of all the proposals for new satellites. Even though not all the proposals will get
to the marketplace, there appears to be a shortage of launch capacity. In addition, this industry has new
challenges to meet. In contrast to the past when most of the commercial satellites were placed into GEO,
new satellites will also be placed into LEO and MEO. These latter orbits will be used by constellations of
satellites requiring the launch of numerous satellites at a time and the launch of satellites to replace failed
satellites, with little lead time. In addition, there is considerable pressure on the launch industry to make a
considerable decrease in the price of entrance into space as well as to increase the reliability of the launches,
a point that has been watched with considerable interest by the investment banking community.
Considerable change has occurred since the last report. This is no longer an industry where the need for
government and military launches exceeds that of the commercial world. Private investment in new or
improved launch systems has increased and may now be even greater than that of governments. To meet the
increasing demand for launches, U.S. corporations have acquired launch service capability from other
nations and booked launches considerably in advance of their need, just to improve their own position in this
competitive growth market. In addition, new launch vehicles are being developed to increase the capacity of
the industry and to reduce costs. While much has been done to increase the lift capability of the launch
vehicles, little progress has occurred in making significant decreases in the cost of launches. The added lift
capability is needed to meet the demands for heavier commercial spacecraft and the need to launch more
than one satellite at a time. This latter capability is especially important for the launch and subsequent
insertion of numerous satellites into the multi-satellite LEO and MEO orbits. The purpose of this section is
to highlight the changes in this industry that have occurred in the five years since the last report.
Background
Ten GEO launches per year were adequate to satisfy the satellite communications business a few years ago.
It is now up to thirty and appears that it will increase to almost 100 during the next decade. Launching to
LEO will soon exceed launches to GEO. Constellations composed of many satellites, in some cases over
one hundred, will put pressures on the industry for timely launches. The launch of commercial satellites is
no longer the sole province of the United States. Europe (Arianespace), Russia, China, Japan and the
Ukraine have entered this business, with Arianespace replacing the United States as the dominant launch
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provider. No longer do satellite manufacturers and service providers purchase a launch at a time. They
purchase blocks of launches from numerous vendors to ensure the availability of launches when needed.
The launch industry has then responded positively to these assured future orders by upgrading the capability
of existing rockets and by proposing new launch systems. An example of bulk ordering is the 1997 Hughes
purchase of 5 launch options aboard the Chinese Long March rocket. Hughes followed this up with the
purchase of 10 launches from Japan’s Rocket System Corporation. Space Systems Loral followed a similar
path and purchased several launches on the Proton from International Launch Services. The inaugural
contracts by Hughes have been important factors in establishing the viability of the Boeing (McDonnell
Douglas) Delta III and Sea Launch as well as the Japan H-IIA and the upgrading of the Proton launch
facilities. The July 1997 Motorola RFP to provide launch services for its new Celestri system (since
cancelled), Iridium replacements, Iridium follow-ons and other satellites totaled 516 satellites, quite an
impressive number.
Unfortunately, little radically new technology has been developed in the past few years that promises to
lower launch costs significantly. Technology improvements, and thus cost decreases, have tended to be
incremental. A fairly common question that was directed towards this panel during its visits and discussions
with satellite manufacturers and service providers was, “what can be done about decreasing the cost of
launches? Who can help solve this problem? We need to decrease the cost of launching satellites to ensure
that satellites will continue to be competitive with terrestrial communications.” In addition, the cost of
insuring the satellite during the launch is high and has changed little in the past five years, being on the order
of 15-20% of the cost of the satellite. Launch failures continue to occur with disconcerting frequency. This
is a problem that needs to be addressed. Presently, the cost of launching a heavy satellite to GEO approaches
the cost of the satellite itself. In addition to the direct costs of the rocket and its fuel, there are significant
costs associated with facilities and staffing at the launch site.
The development of a major new launch vehicle is an expensive undertaking. An interesting question is, can
a large launch vehicle capable of decreasing launch costs by a factor of 10 be developed without the infusion
of appreciable government funding? The major launch vehicles around the world are the direct result of the
infusion of government money to develop and/or improve military missiles or to develop commercial rockets
and their launch facilities. Commercial companies have invested appreciable sums of their own funds for the
modification and improvement of the lift capability of these vehicles and to improve the launch facilities, but
not to achieve the price reduction that is needed. It is an expensive proposition to develop and prove-in a
major, new launch vehicle, perhaps too expensive for a commercial service provider.
Arianespace is an interesting example of a successful effort to address the commercial launch market. This
consortium now has almost half of the large commercial GEO satellite launch business. The Ariane launch
vehicles and their facilities at Kourou, French Guiana are the direct result of the European Space Agency
(ESA) plan to capture an appreciable part of the commercial launch market by developing new launch
vehicles and creating new, modern ground launch facilities. Ariane 4 has been the workhorse of the industry
for the past few years. This effort has been very successful from a market share point of view, but it has
come with a high price tag. ESA has developed a new rocket, Ariane 5, to provide increased lift capability
and to decrease operational cost, but not to decrease the price of a launch. It is estimated that its
development cost, including the creation of the extensive test and launch operation at Kourou, was of the
order of $9 billion. It is hard to imagine a purely commercial company putting such a large investment into
the development of such a new vehicle. To recover the capital investment for the development of this launch
vehicle (say for the launch of 160 satellites over a period of 10 years), with a cost of money of 15%, would
require a charge of ~$110 million per GEO satellite. This is an optimistically low charge, since it assumes
that Ariane 5 initiates service with its maximum launch capacity of eight launches per year and with two
satellites per launch. Even at a (low) cost of money of 10%, it would have to charge ~$90 million per
satellite to recover those development costs. Thus, if the cost to develop Ariane 5 is a good indication, it
must be concluded that it is necessary to depend on government subsidies for the development of a launch
vehicle and facilities for large satellites, especially a launch vehicle that will result in a significant decrease
in the cost of access to space. A significant, major reduction in the cost of the launches will require a new
approach to the technology of launching satellites. There is a great need for long range R&D to investigate
new launch technologies. Of course, this is not to claim that the cost of launches will not decrease somewhat
in the future. All of the major launch service providers have programs in place to reduce these launch costs.
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Also, there are some new approaches that promise to decrease these launch costs, as described in subsequent
paragraphs.
To date, launch facilities have been established, maintained and operated with the oversight of government
agencies. This is certainly true for the principal launch sites at Cape Canaveral Air Station in Florida,
Vandenberg Air Force Base in California, the Baikonur facilities in Kazakhstan, the Tanegashima site in
Japan, the Xichang facility in China, and to a lesser degree, the Guiana Space Center in French Guiana.
Should the involved governments turn over some of the operation of these facilities to commercial entities as
the number of commercial launches exceeds those of the governments? The SeaLaunch proposal to have
launches in mid ocean and under the control of the commercial operator is very appealing to many satellite
service providers, especially for the priority launches of numerous satellites to LEO. This is an issue that is
certainly deserving of more attention in the next few years.
Launch Service Providers
Rockets and launch sites of major commercial operating launch service providers are listed in Table 4.2.
Table 4.2
Major Commercial Launch Services
Launch Service Provider
Arianespace
Boeing

Rocket

Launch Site

Ariane 4

Kourou, FG

Ariane 5

Kourou, FG

Delta

Cape Canaveral AS, FL
Vandenberg AFB, CA

China Great Wall

Long March

Xichang

International Launch Services

Atlas

Cape Canaveral AS, FL
Vandenberg AFB, CA

Proton

Baikonur, Khazakhstan

Japan, Rocket System Corp.

H-2

Tanegashima, Japan

Orbital Sciences

Pegasus®/Taurus®

Wallops Island Flight Facility, VA
Vandenberg AFB, CA

SeaLaunch

Modified Zenit

Pacific Ocean platform

Yuzhnoe (Ukraine)

Zenit 2

Baikonut, Khazakhstan

This list represents an increase in commercial launch capability over the past five years. Five years ago,
Arianespace, McDonnell Douglas (Delta) and General Dynamics (Atlas) launched almost all commercial
communications satellites. Russia, Japan and China have been added to this list. The arrival of the Russians,
Ukrainians and the Chinese into this business has been accompanied by U.S. government quotas that limit
the number and prices of their launches, presumably to prevent these launch providers from offering noneconomic based pricing that will inhibit U.S. and European organizations from investing their own funds in
the development of new or modified launch vehicles. These quotas may be lifted as a result of the
impending shortage of launch capacity, and will be discussed below. There have been institutional changes
as well. Boeing acquired the Delta family of launchers from McDonnell Douglas and Lockheed Martin
acquired the Atlas family from General Dynamics. Lockheed Martin then entered into a partnership with
Krunichev, a Russian organization, to form International Launch Services (ILS) to provide launches by the
Proton rocket. Arianespace, Boeing, ILS and Lockheed Martin are aggressively increasing their lift
capability and hopefully we will eventually see decreased launch costs.
The following is a brief description of some of the present or aspiring commercial communications satellite
launch service providers.
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Arianespace: Evry, France
Arianespace was incorporated in 1980 as a commercial company with 53 existing corporate stockholders
composed of 41 aerospace manufacturers and engineering corporations from 12 European countries. France
has a 55.54% share in the corporation, followed by 18.6% from Germany, 8.1% from Italy, 4.2% from
Belgium, 3.0% from the U.K., 2.6% from Switzerland, 2.5% from Spain, 2.3% from Sweden, 2.1% from the
Netherlands with the remainder from Denmark, Norway and Ireland. It is closely associated with ESA,
which funds the development of launch vehicles and the test and launch facilities at Kourou. The Kourou
facility is impressive. It is located at five degrees north of the equator off the northeast coast of French
Guiana, a few miles from Cayenne, which has a seaport and commercial airport. This location is ideal for
the launch of rockets to place satellites into GEO, since minimum fuel is expended in placing the satellites
into the equatorial plane. The rockets are assembled vertically in a modern class 1000, air-conditioned
facility, similar to the mode used for the Space Shuttle launch complex at the Kennedy Space Center. Then
the satellite is fueled up and tested in an adjacent building and installed on top of the rocket. When ready,
the rocket containing the satellite(s) is rolled out on a moveable platform on rails to the launch pads. This
enables Arianespace to launch ~12 satellites per year. Ariane 4 now has the capability of lifting a maximum
of 4,680 kg (10,300 pounds) to geosynchronous transfer orbit (GTO). Figure 4.12 shows the progressive
increase in Ariane lift capability over the years.

Fig. 4.12. Increase in lift capability to GTO for Arianespace.
Through the end of 1997, Arianespace had launched 140 satellites on 104 launches. It has had 11 launches
of Ariane 4 in 1997, placing 17 non-military satellites in orbit, and have a back order for the launch of 41
satellites ($3.2 billion). Its last two launches of 1997 were accomplished 19 days apart, quite an impressive
accomplishment. Arianespace is an international launch service provider, with 43% of the satellites for
customers located outside Europe (16% from the United States), 39% from Europe and the remaining 18%
from international organizations such as INTELSAT.
The Ariane 5 rocket program was begun in 1987 by ESA. It is designed to increase the lift capability of
Arianespace, thereby enabling launch of the heaviest proposed satellites. It is a simpler rocket than Ariane 4,
and thus is expected to have lower operational and construction costs. The initial version will have a lift
capability of 5,900 kg (13,000 pounds) to GTO and is ideally suited to launch one very large satellite, two
moderately large satellites or several small satellites at a time. Plans are in place to increase this lift
capability to GTO to 6,800-7,725 kg (15,000-17,000 pounds) by the year 2000. Arianespace and ESA have
asked their suppliers to propose additional modifications to Ariane 5 that will increase its lift capability to
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11,000 kg (24,000 pounds) by the year 2007. The present capability of the Kourou facilities is for eight
launches per year with the possible increase to ten by the year 2000, and then later to fourteen. After an
initial failure in June 1996, and a partial success on October 30, 1997, a third qualification launch was
planned for October of 1998. The Ariane 5 rocket is expected to be placed into commercial service in late
1999. Ariane 4 will continue to be used until approximately 2002. Ariane 5 will be phased in for the next 5
years and is expected to be the workhorse of Arianespace for many years into the future.
Boeing
Boeing is now an active player in the commercial launch services business. It acquired the Delta family of
launch vehicles from McDonnell Douglas and, as indicated below, is the key corporation in the SeaLaunch
venture.
The Delta family of rockets has been used since 1960. Since then, there have been more than 245 Delta
launches. Delta rockets can be configured as two- or three-stage vehicles, depending on the mission
requirements. They have an impressive record for reliability.
The Delta II can boost 1,875 km (4,120 pounds) into GTO and continues to be Boeing’s primary launch
vehicle. The newer Delta III is the largest of the Delta family of expendable launch vehicles and is
scheduled for its first launch in 1998. Boeing has signed contracts for eighteen Delta III launches through
the year 2002, with 13 from Hughes and five from Space Systems/Loral. The Delta III can lift 8,365 kg
(18,400 pounds) to LEO and 3,820 kg (8,400 pounds) to GTO, twice the lift capability of Delta II. Boeing
has taken advantage of the Delta II design by incorporating the same booster engine, similar avionics
systems, launch operations and liquid oxygen tanks into the Delta III. Its new features include a
cryogenically powered (liquid oxygen and hydrogen) single engine upper stage, more powerful strap-on
solid rocket fuel motors and a larger fairing to house bigger payloads, 13.1 feet in diameter compared to the
Delta II fairing of 9.5 feet. Its first launch on August 25, 1998 ended in failure, presumably due to a
malfunction in the control system.
Boeing’s response to the Air Force Expendable Evolved Launch Vehicle (EELV) program, described below,
is the Delta IV family of launch vehicles. It will consist of three classes of rockets: “small,” to launch 4,800
pounds to GTO; “medium,” to launch 10,000 pounds to GTO; and “heavy,” to launch 33,000 pounds to
GTO. The designs for all three of these rockets incorporate a new liquid hydrogen and liquid oxygen
burning 650,000 pound thrust booster engine that is 30% more efficient than the conventional liquid
oxygen/kerosene engines. The Delta IV Heavy includes the Delta III upper stage engine with modified tanks
and the 16.67 foot diameter fairing that Boeing manufactures for the Titan IV.
Boeing has contracts to launch the majority of the Iridium satellites using the Delta II, the first eight
Globalstar satellites for Space Systems/Loral, as well as satellites for Matra Marconi Space. Starting in
February 1989, Delta launched all 24 of the global positioning systems (GPS) satellites and holds contracts
for additional GPS launches through the year 2002. It serves its commercial customers from two launch
pads at Cape Canaveral Air Station in Florida and one pad at Vandenberg Air Force Base.
China Great Wall Industry Corporation
This is a state owned entity engaged primarily in industry that utilizes technology developed in China. It has
the exclusive authorization from the Chinese government to provide commercial launch services to foreign
customers. It utilizes the Long March family of launch vehicles for launches from the Xichang Satellite
Launch Center, located at 28.2ºN, in a mountainous region about 40 miles northwest Xichang City.
Unfortunately, numerous launch failures in the past few years have plagued this operation, resulting in the
reluctance of the insurance companies to insure these launches, together with a hesitation by satellite
manufacturers and service providers to commit to China Great Wall launches. The successful launch of a
commercial satellite on the Long March 3-B, on August 19, 1997, followed by the three-stage Long March
rocket launch of two Iridium satellites in December 1997 should allay concerns about using this vehicle for
commercial launches.
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The China Great Wall Company has launch contracts from several Western commercial satellite
manufacturers. The Long March 3-A can launch a 5,500 pound payload to GTO. With the addition of four
strap-ons to this rocket, wherein it is called the LM 3-B, it will have a capability of placing a ~29,000 pound
payload to LEO and a 10,000 pound payload into GTO (Launchspace Magazine).
International Launch Services (ILS): San Diego, CA
ILS is a joint venture established in 1995 to market two of the widely used launch vehicles, the Lockheed
Martin Atlas family of rockets and the Russian built Proton. ILS is owned by Lockheed Martin’s
Commercial Launch Services Company and the Lockheed-Khrunichev-Energia International joint venture
with Khrunichev Enterprise and RSC Energia in Russia. It had a backlog of launches at year end 1997 for
both the Atlas and Proton worth more than $2.5 billion.
The Atlas family of four launch configurations presently offers launches in the range of 4,000 pounds to
8,200 pounds to GTO. Proton offers two configurations, with three and four stages respectively, and is
capable of launching over 10,600 pounds to 27º inclined GTO. Proton is launched from the Baikonur
Cosmodrome in the Republic of Kazakhstan.
The Atlas I commercial payload launch program was initiated in June 1987. It consists of the Atlas booster,
a Centaur upper stage and the payload fairing of either 11 or 14 feet in diameter. The Atlas II program was
initiated in 1988 to meet the U.S. Air Force needs for launching medium weight payloads and has been
adapted to the launch of commercial satellites. The Atlas II stage and a half booster/sustainer engine has
been stretched 9 feet and the Centaur by 3 feet over the Atlas I configuration. Four solid rocket strap-ons
have been added to the Atlas II to form the Atlas IIAS, achieving an increased lift capability of 3,725 kg
(8,200 pounds) to GTO. This has been 100% successful since its first launch in December 1993. Normally
flown from Cape Canaveral for launches to GEO, a new pad has been installed at Vandenberg to
accommodate the Atlas vehicle launches into polar orbits.
A new launch vehicle, the Atlas IIIA is being developed by Lockheed Martin and is scheduled for its first
flight in late 1998. It will be simplified compared to the Atlas IIAS and will feature a more robust single
stage booster having a new propulsion system and a single engine upper stage Centaur. This Atlas IIIA
booster uses a high performance RD-180 propulsion system produced by the joint venture of Pratt &
Whitney and NPO Energomash (Russia) and will burn liquid oxygen and RTP-1 propellant. It will offer
lower cost launches. It will be upgraded with the addition of two solid rocket motor strap-ons, and named
the Atlas IIIB. Figure 4.13 shows the Atlas launch of Inmarsat III. Table 4.3 indicates the evolution of the
Atlas family.

Fig. 4.13. The launch of Inmarsat III, Flight 1 onboard Atlas-Centaur AC-122.
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By year-end 1997, the Atlas had flown over 500 times. The Centaur had flown over 100 times as the Atlas
upper stage and about 15 times with the Titan.
Table 4.3
Evolution of the Atlas family of Launch Vehicles
Atlas I

2,230 kg, 4900 lbs. to GTO

Atlas II

2,950 kg, 6500

“

Atlas IIA

3,075 kg, 6760

“

Atlas IIAS

3,725 kg, 8200

“

Atlas IIIA

4,055 kg, 8900

“

(4Q98)

Atlas IIIB

4,500 kg, 9900

“

(2Q00)

The Proton has served as the primary heavy lift vehicle for Russian unmanned space systems since the early
1960s. It has an impressive reliability record with over 200 launches. The first Western commercial
mission, the launch of Astra-1F, occurred on April 9, 1996.
The Proton K can be configured as a three or four stage vehicle. The three stage version is used primarily to
launch large space station type payloads into LEO.
The Proton M or Proton-M/Breeze-M is a modernized version of the Proton and is capable of placing 22,000
kg (49,000 pounds) into LEO at an inclined orbit of 51.6º. It can place 5,100 kg satellites into GTO. The
Proton-M/Breeze-M is a series staged vehicle consisting of four stages, each burning nitrogen tetroxide and
unsymmetrical dimethylhydrazine as propellants. The first stage consists of a central tank containing the
oxidizer surrounded by six outboard fuel tanks.
The Proton facilities in Baikonur, located at 47.5º N, have been upgraded by ILS. The rocket is assembled
horizontally and the satellite is installed in a building on the complex. It is then rolled out of the building,
raised to the vertical and moved to the launch pad. This enables ILS to perform many of the critical tasks in
the controlled environment of a permanent building and to use the launch pads for numerous launches per
year. These facilities have been used to launch several Western manufactured and owned satellites. Figure
4.14 shows preparation for an Inmarsat III launch on a Proton.

Fig. 4.14. Picture of the Proton containing the Inmarsat III, Flight 2, being readied for launch.
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Japan, Rocket System Corp. (RSC)
RSC is the commercial launch service provider for Japan and works closely with the National Space
Development Agency of Japan (NASDA), which develops the launch vehicles and the launch facilities at
Tanegashima, a small island located at approximately 31º N and about 100 miles south of Kyushu. After
several years of mixed success at launching both commercial and scientific satellites, this provider has had
successful commercial launches and is aggressively pursuing new business. It has secured commercial
contracts from Hughes and Space Systems Loral for launches of satellites starting in the second half of the
year 2000 onboard the new H2A rocket, which is now being developed by NASDA. This rocket is capable
of launching 3,000 kg (6,600 lbs) to GTO. NASDA is building a second launch pad at Tanegashima for the
H-2A. It plans to develop a capability of eight launches per year. NASDA needs to negotiate an agreement
with the fisherman’s union to increase the number of days per year that can be used for launching of
satellites. The target launch cost is ~ $67.5 million. Unfortunately, the launch of the experimental COMETS
satellite on February 27, 1998 was not a success, indicating that more work will be needed to demonstrate
the reliability of the H-2.
Lockheed Martin
Lockheed Martin is a major force in the global launch business. It acquired the Atlas launch vehicle from
General Dynamics and then formed a partnership with International Launch Services and the Russian entities
Khrunichev Enterprises and RSC Energia, to make the Proton available for commercial launches. It also
manages the heavy lift Titan 4 program and is also the prime contractor for NASA’s X-33 Venture Star,
described below.
Orbital Sciences Corporation: Dulles, VA
Orbital Sciences developed the ground launched Taurus rocket to provide a cost effective means of
launching satellites weighing up to 1,360 kg (3,000 pounds) into LEO, or up to 365 kg (800 pounds) to
GEO. It is fully road-transportable and thus has mission versatility to be launched from a previously
unprepared area. Once delivered to a site, it can be launched within eight days from a simple launch pad.
This rocket was first launched in March 1994 and is a four stage derivative of the Pegasus®. It features an
upgraded fairing of 92 inches and the powerful first stage Castor 120 motor built by Thiokol Corporation.
Its primary use has been to launch scientific, military and commercial satellites into LEO. These rockets are
being used to launch the Orbcomm satellites into LEO. Orbcomm is a many satellite constellation that has
started offering international two-way data and messaging communications services for mobile customers.
The Pegasus is a novel rocket that was first flown in 1990. It is released at 40,000 feet from Orbital’s L1011 carrier aircraft and is capable of placing a 450 kg (1,000 pound) satellite into LEO. It is a three stage
solid propellant rocket and can be launched from virtually anyplace in the world. Its lift capability is used
primarily for small satellites placed into LEO, but it can place a 180 kg (400 pound) payload into GTO.
Yuzhnoe; Ukraine
Ukraine has developed Zenit 2 for the launch of commercial satellites, with a lift capability of 13,240 kg to
LEO. Unfortunately, a much-publicized launch of 12 Globalstar satellites on September 9, 1998 was a
failure, requiring Globalstar to obtain an alternate source of launches for satellites to populate the remainder
of its constellation.
New Initiatives
While the above service providers are addressing the near-term-markets for the launch of commercial
communications satellites, several new service providers have been organized and new projects have been
instituted that promise to address the increased demand for launches of heavy satellites and/or to decrease the
cost of the launches. They include:
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U. S. Air Force EELV program
The U.S. Air Force has initiated an Evolved Expendable Launch Vehicle Program (EELV) to strengthen the
U.S. space launch industry, encourage greater contractor investment, and decrease the Air Force‘s overall
launch vehicle development costs. This effort has the objective to reduce space launch costs up to 50% from
today’s rate of approximately $12,000 per pound of payload to orbit. The Air Force selected two
contractors, Boeing and Lockheed Martin, to participate in Module II, the pre-engineering, manufacturing
and development phase of this effort, which is a firm fixed price 17 month contract worth $50 million for
each company. The Air Force intends to introduce competition across the lifespan of the EELV program by
instituting a dual source program.
Sea Launch, Inc.
Sea Launch is an international consortium led by Boeing that includes Russian, Ukrainian and Norwegian
organizations. Boeing is the system’s overall integrator and project manager and has 40% ownership of the
company. The Russian RSC-Energia holds a 25% share, provides the launch vehicle upper stage and
support equipment, and is responsible for launch vehicle integration. KB Yuzhnoye/PO Yuzhmash, a
Ukrainian aerospace company, holds a 15% share, has responsibility for launch vehicle processing and
operations, and will supply the first two stages of the rocket. Kvaerner Maritime of Oslo, Norway, with a
20% share, has the responsibility of converting a North Sea semi-submersible oil drilling rig into a selfpropelled launch platform, constructing an assembly and command ship, and it managing marine operations.
The total cost of the project is estimated to be $850 million.
This operation represents a major change in the launch of satellites. The satellites will be launched from a
self-propelled platform in the Pacific Ocean, alongside a support facility ship, that can be positioned either
on the equator for launches to GEO or to other places in the Pacific that are optimal for launch of satellites
into inclined orbits. By being a private, international company, it should avoid launch priority conflicts with
government organizations that can interfere with launch schedules. The launch vehicle is based on the two
stage highly automated Ukrainian, liquid oxygen/kerosene propellant Zenit rocket, with an upper stage that
has been flown over 150 times as the upper stage of the Proton. Satellites will be delivered to the company’s
spacecraft processing facility in Long Beach, CA, which incidentally is fairly close to the El Segundo, CA
satellite manufacturing facility of Hughes and only a few hundred miles away from the Loral and Lockheed
Martin manufacturing facilities in Sunnyvale, CA.
Hughes has signed a contract for launches at prices that are “competitive with conventional launch service
providers” (Cromer 1997). SeaLaunch can deliver 5,000 kg (11,000 pounds) of payload to GTO. As is the
case of launches from Kourou, SeaLaunch provides satellite owners with the cost and fuel benefits of
equatorial launches, with the option of utilizing on-board fuel to extend the lifetime of the satellite in excess
of what could be achieved by launching at high latitudes, or of launching with heavier communications
payloads. Launch from the equator will occur at 152º W, about 1,400 miles southeast of Hawaii, after a 10day ocean trip from the base in California. Satellites intended for orbits that are inclined by 45º or more will
be probably be launched from a location off the coast of Baja California. While the initial plans are to have
six launches per year, this number can be increased in the future by processing three launch vehicles at a
time on the assembly and command ship.
The first launch was targeted for October 30, 1998, with the launch of PanAmSat’s Galaxy 11, the first of
the advanced Hughes HS-702 satellites. This date has been postponed, presumably into early 1999, due to
government concerns over the export of sensitive technology. The first test launch, with a simulated
payload, is scheduled for March 1999. Again, to assure access to launch capacity for its customers’
satellites, Hughes has committed to 13 launches and Space Systems/Loral has committed to 5, mostly to
GEO. Three of the Hughes satellites will be launched into MEO with inclined orbits of 45º and 135º, for the
ICO Global Communications system.
Project X-33
In its attempt to significantly lower the cost of the launch of satellites into space, NASA concluded several
years ago that one of the most promising approaches was to develop a relatively simple and reusable launch
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vehicle. The agency picked the Lockheed Martin “Skunk Works” to lead a team to build a reduced size, suborbital rocket, designated the X-33, to test many of the concepts needed to achieve its goals. This is a ~ $1
billion program. The X-33 would take off vertically, attain orbit with a single stage of engines and fly back
to earth, landing horizontally. The first flights of X-33 should start in the early part of 1999.
The next step will be to build Venture Star, a commercial vehicle that is supposed to be capable of placing
large (6,800 kg or 15,000 pounds to GTO) commercial satellites into orbit at one tenth the cost of present
day launches. This vehicle will be based on “lessons learned” from the X-33 program. The program is
expected to cost ~ $10-20 billion to realize a vehicle that can be used for commercial launches. This single
stage to orbit vehicle will take advantage of the development of new engines and lightweight and heat
resistant materials. All the engines will be functioning before liftoff, and thus they can be checked out in
advance of commitment to liftoff. Hopefully, this will improve the reliability of launches, since many recent
failures occurred due to poor performance of upper stage engines that are ignited well into the launch. If the
present funding continues and no technical roadblocks are encountered, the X-33 will be tested in a suborbital mission somewhere around 2004, taking off from Edwards Air Force Base, CA.
Other Reusable Launch Vehicle Projects
Several commercial organizations have initiated reusable launch vehicle projects. These are listed in Table
4.4.
Table 4.4
Reusable Launch Vehicle Projects
Organization

Location

Kelly Space and Technology

San Bernardino, CA

Kistler Aerospace

Seattle, WA

Pioneer Rocketplane

Lakewood, CO

Project
Eclipse Astroliner

Capacity
1,600 kg (3,500 pounds) to LEO
3,600 kg (7,900 pounds) to LEO

Pathfinder

18,000 kg (40,000 pounds) to LEO

EUROCKOT
Daimler-Benz Aerospace (Dasa) of Bremen, Germany and Khrunichev of Moscow, Russia have formed a
(51%/49%) partnership to provide launch services under the name “EUROCKOT.” The first and second
stages of their rocket are components of the SS-19 ICBM and the re-ignitable upper stage is the BREEZE.
This configuration has been launched three times, with the last one used to place a small satellite into an
almost circular orbit at ~2,000 km with a 64.8º inclination. Commercial service is expected to begin in mid
1999, with launches from Plesetsk, and will be used for the launch of satellites to LEO. This vehicle has a
lift capability of about 1,000 - 1,600 kg, depending on the altitude and orbital inclination.
Brazil
The Brazil Ministry of Aeronautics has constructed a launch center at Alcantar, which is located in Northern
Brazil at 2º South Latitude. This is an ideal launch site for GEO, or slightly inclined orbit satellites due to its
location close to the Equator. Their rocket was developed by the Brazilian Air Force Space Activities
Institute and is capable of placing satellites weighing 100 to 350 kg (220 to 770 pounds) into low earth orbit.
The first launch of this rocket on November 2, 1997 failed when one of its four solid propellant motors failed
to ignite.
India
The Indian Space Research Organization (ISRO) is developing a new launch system with a cost objective of
$40 to $50 million per launch.
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Launch Quotas and Government Controls
In the late 1980s, the fledgling U.S. commercial launch industry became concerned about the possibility that
the non-economic based launch capability of Russia and China would undermine the U.S. companies’ ability
to become viable long-term launch service providers for commercial satellites. Agreements with Russia and
China to limit their number of launches and their prices were proposed that were intended to help this U.S.
industry compete on a worldwide basis. The first agreement was signed in September 1993, limiting Russia
to the launch of eight U.S. satellites into GEO through December 2000 and required that these launches be
priced within 7.5% of Western prices for similar services. No limit was placed on the launch of satellites to
other than GEO orbits. In March 1995, the United States and China agreed to allow eleven Chinese launches
to GEO through December 2001, excluding the four launches agreed to in 1989. There is also an escalation
provision to permit an additional eleven launches if the average annual number of launches to GEO increases
to 20 or more per year. In response to the China agreement the Russian agreement was subsequently
modified in January 1996 to increase the number of Russian launches to 15 and increase the potential
difference in launch charges to 15%, with the provision that, if the average number of annual international
launches to GEO exceeds 24 or more over the time period 1996 to 1999, the Russians could launch an
additional four satellites. This was followed by a U.S.-Ukraine agreement in February 1996 to allow five
GEO launches from Ukraine and up to eleven more for the use of the Boeing-led SeaLaunch consortium, up
to 2001. There were no provisions included in this agreement to increase the number of launches if the
above mentioned average annual rate increased. These restrictions are enforced through the approval/denial
of export licenses that U.S. operators need to obtain to use non-U.S. launch services.
Now that the demand for launches to GEO is increasing significantly, it appears that these restrictions may
not be needed, and indeed if they continue, the business plans for some services providers will be seriously
impeded by their inability to launch their satellites. The demand for launches may exceed the world’s launch
capacity, creating a severe problem that can be solved only by opening the business to full competition. In
addition, companies such as Lockheed Martin and Boeing have established business partnerships with
Russian and Ukrainian entities to launch satellites and to use their rocket technology. The launch of
satellites has become a global business activity where the nationality of the companies involved has blurred.
In February 1998, fifteen corporate members of the Satellite Industry Association (SIA) sent a letter to U.S.
Vice-president Al Gore requesting the U.S. government to scrap the above number, but not the pricing,
restrictions immediately. “The dramatic increase in the demand for satellite launches, international
partnerships between U.S. and foreign launch providers and the need for more flexible launch schedules
have made these quotas unnecessary.” The quota agreements are scheduled to expire in the next few years
and new agreements, if any, are required to ensure the availability of launches for planned satellite systems.
There is concern that these quota restrictions may be continued. In addition, there is concern over the export
of sensitive technology to the launch sites, an issue that has attracted the attention of Congress.
The agreements do not address the launch of satellites into LEO. This is becoming a big market and U.S.
companies have plans in place to meet these needs. There is a concern that the numerous stockpiled Russian
and Ukrainian ICBMs might be made available to launch commercial satellites into LEO at a price that
would significantly undermine the business plans of U.S. commercial launch providers. The United States
restricts the use of its ICBMs to government missions. Clearly, this is an issue that needs to be addressed.
Launch Insurance
Insuring launches is a large international business. It typically costs 15-20% of the price of a GEO satellite
to insure it against failure during the launch phase of a mission. While this may sound high, the insurance
companies have not been awash in big profits from this activity, indeed, they lost money in the early 1990s
These high rates are dictated by the number of launch failures, which have been occurring with disconcerting
frequency. However, one would expect that the increased frequency and number of launches will improve
the reproducibility of the rocket components and improve the success rate of the launches and thus decrease
the cost of insurance premiums. Limits on the insurance associated with a single launch have increased also,
from ~$100 million in the mid-1980s to ~$600 million now. The increase in the number of launches, the
increased use of new unproven launch vehicles and the increase in the number of operating satellites in orbit,
which also require insurance, will require the insurance companies to expand their business and increase the
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risk capital that is necessary to cover all these contingencies. This may be a major problem. It is incumbent
on the launch service providers and the satellite manufacturers to improve the reliability of their products to
ensure the availability of low cost insurance so that the cost of satellite communications is not burdened by
high insurance premiums. In-orbit and launch failures of 1997 and 1998 have further indicated that the cost
of insurance will remain high, at least for the next few years.
Orbital Debris
There is concern that debris in space left over from launches, failed launches and failed satellites will destroy
or damage communications satellites. There is certainly evidence that the U.S. Space Shuttle has collided
with such debris. In 1996 Endeavor had to take evasive action to avoid a collision with a military satellite.
Also, there is evidence that the shuttle windshield and some of the tiles may have been damaged by
collisions with lightweight debris. This debris consists of large objects, such as spent rocket casings and old
satellites, all the way down in size to bolts and flecks of material from exploded, failed rockets and satellites.
A one ounce particle at LEO, having a head on collision with a satellite, has the equivalent momentum
transfer as a bowling ball hitting a car going at 50 miles per hour. The North American Air Defense
Command at Colorado Springs does track debris, most of which is located in the vicinity of the LEO satellite
orbits. There certainly is concern that LEO satellites will be damaged by collisions. In 1988, President
Reagan signed a National Policy Statement, stating that “all space sectors will seek to minimize the creation
of space debris.” This policy was enforced as recently as December 1997 when the Federal Aviation
Agency (FAA) blocked the launch of eight Orbcomm satellites by the Pegasus XL launch vehicle due to
concern about the disposition of unused hydrazine fuel into LEO. Clearly, launch service providers have an
obligation to minimize the creation of debris, but little can be done with the debris that is now in orbit or the
debris that results from the explosive failure of rockets and their satellites, other than to wait for this debris to
gradually de-orbit. Proposals to locate and de-orbit this debris do not appear to be feasible and would
certainly be expensive to implement. Should the owners of LEO satellites be concerned about this problem?
The answer is “yes,” but after all, while there is considerable debris is space, there is still enough distance
between these particles that the chance of incurring major damage probably does not justify the additional
cost of building a debris resistant satellite. The International Space Station, on the other hand, will have over
200 types of debris shields to protect it against such damage.
While man-made debris may cause damage to satellites, natural solar debris is certainly a problem, is well
documented, and has caused the demise of large GEO located satellites. Solar storms contain a large flux of
high energy electrons, protons and heavier particles that do direct damage to components, but worse still,
they cause the body of the satellite to charge up to high potentials, resulting in electrical discharges that
damage components. Satellite designers go to great lengths to include sound design practices to minimize
the occurrence of this problem. Nevertheless, GEO satellites continue to experience abrupt failures or
gradual decreases in their usefulness due to electrostatic discharges caused by the normal flux of charged
particles from the sun as well as the intense flux of charged particles due to solar storms that occur
approximately every eleven years. These electrical discharges are a potential cause of failure or degradation
of GEO satellites and are minimized by sound design practices. Nevertheless, these problems continue to
occur with disconcerting frequency, resulting in the failure of expensive communications satellites.
Radiation damage of components due to energetic electrons and protons has been the subject of considerable
study. The problem is minimized by shielding the components and using special fabrication techniques for
the silicon integrated circuits. There is a continuing need to study this problem, however. As the dimensions
of complex integrated circuits continue to decrease, “single hit” failures due to radiation are of increasing
concern. Studies of circuit “lay-out” techniques and revised I/O circuitry are needed to minimize the
incidence of such failures. An example of a “single hit” problem is latch-up in VLSI CMOS circuits. The
common use of satellites for mobile and data applications in LEO, MEO and inclined orbits may result in the
increased incidence of satellite failures due to radiation as these satellites pass through well studied radiation
belts. This potential problem needs to be watched very carefully to assure the sound design of these
satellites. As mentioned above, the power output of silicon solar cells is degraded by charged solar particle
damage over the lifetime of the cells in space, resulting in the need to over-design the array. The increased
use of compound materials such as GaAs for solar cells should minimize this problem. The Leonid meteor
storms of 1998 and 1999 are forecast to be the worst in 33 years and these particles may cause unexpected
failures of satellites. While this storm of small particles will not be as intense as the Leonid meteor shower
of 1966, and satellites have not experienced any known problems due to previous meteor storms, this event
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will be watched very carefully to determine if increased shielding is necessary to protect increasingly
complex satellites from future storms.
The Future: Challenges
The international launch industry faces several challenges. The first is to satisfy the demand for launches. It
appears that the launch service industry will be hard pressed to launch all the satellites that have been
proposed. While all of the proposed satellite systems may not come into existence, the satellite launch
industry nevertheless will be challenged to provide all the required launches. This problem is exacerbated by
the need to launch on tight schedules. The LEO and MEO constellations containing numerous satellites, in
particular, will require timely launches to replace failed satellites and to replace old satellites with upgraded
ones that are capable of providing new communications services.
Satellite service providers and manufacturers are most anxious to see reduced launch prices to enable them to
be more competitive with their terrestrial counterparts. While the major launch service providers have
programs in place to reduce their costs, it is obvious that new technology is required if launch costs are to be
reduced significantly in the future. Long-term R&D is needed to investigate radically different ways of
placing payloads in orbit. The EELV program of the U.S. Air Force and the X-33 program of NASA are
R&D programs that offer the hope of greatly reduced launch costs. These launch vehicle programs are
important steps in the struggle to greatly reduce the cost of commercial access.
The geographical location of the launch pad is a factor in the determination of the life cycle costs of the
satellite service. Ideally, the most favorable place for a launch to GEO is on the equator. Satellite fuel is a
precious resource since it determines the in-orbit life of the satellite. Alternately, reduced onboard fuel
requirements can be translated into increased weight or number of satellites that are launched at a time. The
Arianespace facility in Kourou has an ideal location, 5º from the equator. In addition, launches out into the
Atlantic Ocean minimize potential catastrophes compared to launching over populated areas. Also,
launching east out over the Atlantic provides a 1,000 mph boost to the rocket from the spin of the earth. One
just needs to look at a globe to see that there are not many places in the world that offer these advantages and
have the political stability to ensure long-term launch operations. It is not uncommon to hear rumors that the
Proton, or even the Delta and the Atlas, are trying to secure agreements with the French government to
launch from French Guiana. Nevertheless, new launch facilities near the equator are needed to help decrease
GEO satellite life cycle costs. Obviously, Brazil is an attractive place for a launch complex. Plans have
been proposed to construct launch sites in Australia, Indonesia, an island near Singapore, New Guinea and
Korea.
As mentioned above, costs of the operation of satellites can be decreased if launch failures can be reduced,
thereby reducing the cost of insurance and improving the certainty of the onset of service, an issue that the
venture capital providers typically mention as a reason for staying away from satellite ventures.
Another issue that launch providers as well as satellite manufacturers need to address is the minimization of
orbital debris.
The Cape Canaveral and Vandenberg commercial satellite preparation and launch facilities need to be
modernized. At present, the rockets are assembled on the pad and then the satellite, which is fueled and
tested at an off-base location, is transported to the launch site and mated to the rocket. This not only keeps
the frequency of launches per pad at a minimum, but it exposes the satellite to a potentially harsh
environment. At Kourou, on the other hand, the rocket is assembled and the satellite is positioned on the
rocket inside a clean, air conditioned building and then rolled out to the launch pad. Similar facilities are
used at Baikonour. This enables 12 or more launches per year from the same pad, in contrast to 4 or 5 per
year from the pads at Cape Canaveral and Vandenberg. Clearly, these last named facilities need to be made
state-of-the-art in order to compete with the more current foreign facilities.
Even with these issues, the international launch service plus insurance business is growing at a rate of about
25-35% per year, approaching an estimated $7 to $10 billion in the year 2000.
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NETWORK ARCHITECTURES, TECHNOLOGIES AND PROTOCOLS
Introduction
In this section, emerging technology trends in satellite networks are presented. In contrast with the earlier
1992/1993 NASA/NSF study, which found satellite network activities only in research programs, this panel
observed considerable activity toward satellite networks deployment, manufacturing, applications, concept
and technology development, standards, as well as research. The need to provide voice communications in
the immediate future, and data and video services in the near future, to anyone, anywhere, anytime, in the
growing global economy has provided an impetus to the rapid development of satellite networks. The
increasing usage of the Internet is another major driving force. In the United States, with the launch of the
Iridium satellite network, which will provide global voice and low data rate services, and the Globalstar
system, satellite networks are becoming a reality. Both systems have extensive ground network systems.
Network technologies are also being developed for the proposed Ka-band systems. As the awareness of
network requirements to provide global data services develop, R&D activities are also increasing.
In this section, global trends in emerging satellite network architectures, infrastructure technologies, and
protocols are briefly discussed. Issues identified during the site visits pertaining to the seamless
interoperation of satellite and terrestrial networks are presented in a summary manner, and current research
in these areas is discussed. Finally, research and experimental work in Europe, Japan, Canada and the
United States is presented. In the WTEC panelists’ opinion, the work in the U.S.A. is oriented towards basic
research coupled with experimental programs, whereas in Europe, Japan, and Canada, the work is more
experimental. The typical approach is to install a testbed to conduct the experiments. The testbed facilities
are described in this section.
System Architectures
The overall evolving communications network architecture observed during the WTEC visits is shown in
Figure 4.15. in which current and planned satellite networks are being integrated with terrestrial networks
(wireless and wireline) to provide end-to-end voice, video, and data services to users at various data rates. In
this architecture, satellite networks are capable of interfacing with terrestrial networks at high data rates and
also provide networking access to a variety of users directly. There is an increasing demand to support a
variety of multimedia services, where large bandwidth video data is reduced to a few megabits per second
and transmitted in combination with different signals to form multimedia data.
Within satellite networks, the current technology trend is to use Internet protocols and asynchronous transfer
mode (ATM) to carry voice, video and data. The architecture is shown in Figure 4.16. The application of
ATM technologies in satellite networks is expected to offer these multimedia services inexpensively on a
global scale. Since satellite networks can easily access information resources located anywhere on the globe
and then broadcast the information, they are very attractive for the provision of multimedia services. These
services will then play a critical role in the global economy.
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The growth of the Internet has promoted the use of existing satellites to provide network services. The
emerging hybrid service architectures are shown in Figure 4.17. These services are being provided from the
United States to other parts of the world by Orion Network, PANAMSAT and INTELSAT. Loral Orion
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uses Frame Relay for transport control protocol/Internet protocol (TCP/IP) transport to ISPs located in
Europe, Asia and Latin America. It is ideally suited for such an application due to its efficient use of
bandwidth.

Satellite

45 Mbps

POP

U.S Internet
POP

POP

512 Kbps
Trans-Atlantic Link

Fig. 4.17. Hybrid (satellite/wireline) Internet service architecture.
Emerging Applications
The panel observed significant application experiments and developments taking place at government and
industrial research laboratories that are addressing emerging information infrastructure market needs worldwide. It is well known that satellites offer a variety of applications in broadcasting, mobile, and fixed
services.
Emerging satellite networks and related technologies can provide a wide variety of applications. The panel
gathered data about application and development activities via on-site demonstrations or briefings. Table 4.5
summarizes progress on 20 of those applications around the world. This panel surveyed activity in the
following regions or countries: Canada, Europe, Japan, the United States, China, India, Israel, Korea, and
Russia. Preceding the table are definitions of status stages.
•
•

Nascent: early formative stage when laboratories control which application possibilities they investigate
Concept: researchers sketch an approach to the application

•
•

Research: researchers (1) create a detailed approach and prototype and 2) do preliminary testing
Development: researchers complete testing and organizations progress to production; multiple standards
appear
Emerging: product reaches market in limited runs; shakedown process begins—to determine an
international standard; significant product refinements appear
Growth Market: product reaches the mass market in production runs with considerable volatility re:
sales
Mature: sales volumes are predictable; product refinements diminish until they are relatively
insignificant; a single standard emerges; product refinements continue but they are less dramatic

•
•
•

The panel observed that the Internet/Intranet is a rapidly growing market for satellite communication
network providers worldwide.
The Internet is based on open horizontal layer architecture that enables a large number of applications. In
the case of Ka-band subscribers, particularly in developed markets, the prospects are for many of these
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applications to be delivered as part of a combined multimedia Internet package. In developing markets, Kaband terminals will be more commonly deployed in support of specific applications, like telephony or
corporate networks, which is comparable to the way VSATs are used today.
Table 4.5
Applications of Emerging Satellite Networks
APPLICATION

COUNTRY
Canada

Europe

Japan

U.S.

I. A1. Internet access

Emerging

Nascent: D

Nascent: D

Emerging

A2. Multicasting

Nascent: C

Nascent: C

Nascent: C

Nascent: D

Other
China: Emerging
India: Emerging
Israel: Emerging
No data

A3. Backbone

Emerging

Nascent: D

Nascent: D

Growth

No data

B. Multimedia

Nascent: D

Nascent: D

Emerging

No data

No data

C. Global Telephony

Emerging

Emerging

Emerging

Emerging

Emerging in the
rest of the world

II. A. Telemedicine

Nascent: D

Nascent: D

Nascent: D

Nascent: D

Russia: Nascent: D

B. Teleeducation

Emerging

Nascent: D

Nascent: D

Emerging

Korea: Nascent: D

C. Library, museum

No data

No data

Nascent: R

Nascent: R

No data

D. News gathering
service

No data

No data

Nascent: D

Nascent: D

Korea: Nascent: D

E1. Data broadcasting

No data

No data

Nascent: D

Nascent: D

No data

E2. Digital broadcasting

Growth

Growth

Growth

Growth

F. Government

Nascent: D

No data

Emerging

No data

G. Telecontrol

No data

No data

Emerging

No data

Korea: Growth
China: Emerging
India: Emerging
No data

H. Teleconferencing

Nascent: D

Nascent: D

Nascent: D

Emerging

No data

I. Telecommuting

No data

No data

No data

No data

No data

J. Electronic commerce

Emerging

Emerging

Emerging

Emerging

Emerging in the
rest of the world

K. High data-rate transfer

Nascent: R

Nascent: R

Nascent: R

Nascent: R

No data

L. Distributed computing

Nascent: R

Nascent: R

Nascent: R

Nascent: R

No data

M. Disaster recovery

Nascent: R

Nascent: R

Nascent: R

Nascent: R

No data

N. Aeronautical

No data

Nascent: D
No data
Nascent: D
No data
1. Nascent: (C)oncept, (D)evelopment, (R)esearch
2. Emerging market
3. Growth market
4. Mature market

Other: China, India, Israel, Korea, Russia

A broad consensus exists that there are between 60 and 70 million Internet subscribers today worldwide.
There has been more variety in estimates of the future—with some forecasts saying subscribers will reach
around ten times this number by 2000.2 The growth has been led by the United States—with perhaps up to
50 million people on-line at the start of 1997. It is now the Far East and Europe that are increasingly

2
See for example Matrix Information and Directory Services: World User Figures, 18th February 1997. MIDS believe
there were 57 million Internet users as of January 1997 with 71 million having email access. Their projections for 2000
suggest 707 million Internet subscribers with 827 million having email (see http://www.mids.org/press/pr9701.html).
Even as far back as 1992 the president of the Internet Society was quoted as making the prediction that “…by the year
2000 the Internet will consist of some 100 million hosts, 3 million networks, and one billion users.”
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providing the highest growth rates. Internet activity—particularly in Japan—has been substantial over the
last eighteen months. Forecasts suggesting that the Asia/Pacific region will have around 20 million users by
2000 are not unrealistic. In Europe Internet subscription is considered to be around four or five years behind
the US. Ovum’s “European Telematics profile (Ovum 1997) and data from the ITU (ITU 1997) suggest that
there are currently 10-13 million European Internet subscribers.
Network Wizards, one of the most quoted sources, suggest that globally the number of domains (roughly
equivalent to organizations or individuals) is doubling every nine or so months—a slightly diminishing but
still dramatic growth rate (previously domains were recorded as doubling every six months)
(www.nw.com/).
In this market scenario, the development of advance satellite network technologies is self-evident. The
section below describes the state of art in ATM over satellites. This is followed by discussion of Internet
protocols over satellite systems, including descriptions of various experimental programs around the globe.
ATM Over Satellite Technology
Asynchronous transfer mode is a packet communications scheme in which all packets are of equal length,
and consist of an address field and a “payload.” This approach was chosen to permit high-speed switching
by fast hardware, with the bits in the address field selecting the path of the packet through the switch. ATM
has additional features (e.g., quality of service provisions) that make it an attractive candidate for the
operation of future data-centric backbone networks, though some observers speculate that the emergence of
very high-speed routers, together with dense wave division multiplexing (the use of many different colors of
light on the same fiber), could allow the use of IP over synchronous optical network (SONET) fiber links to
become the standard.
Owing to their inherently higher noise levels, satellite links have higher bit error rates (BER) than fiber optic
links. (A typical satellite link might operate with a BER of 1 in 106 while a fiber link may achieve 1 in 109 or
1010 BER.) The ATM frame carries enough information to correct one bit error in the address field. Thus to
avoid packets being dropped because of incorrect addresses, satellite systems can best support ATM through
the use of specially conditioned links. Commercial devices (“Link Accelerator,” “Link Enhancer”) are
available that provide this conditioning and are indicated conceptually in Figure 4.18 as an ATM satellite
interworking unit (ASIU).

Fig. 4.18. ATM satellite interworking unit (ASIU).
The ASIU is responsible for management and control of system resources and overall system administrative
functions. The key functions of the ASIU include real-time bandwidth allocation, network access control,
system timing and synchronization control, call monitoring, error control, and traffic control. The protocol
stack from the satellite networks based on ATM switching is shown in Figure 4.19.
Figure 4.20, shows the detailed interface between the ASIU and other modules, and the internal architecture
of the ASIU, respectively. To accommodate ATM networks seamlessly, the ASIU needs to support the
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existing ATM cell transport methods such as SONET (synchronous optical network)/SDH (synchronous
digital hierarchy), PDH (plesiochronous digital hierarchy), and PLCP (physical layer convergence protocol).
As shown in Figure 4.20, when SONET frames conveying ATM cells arrive at an ASIU, ATM cells are
extracted from the frames. Extracted ATM cell streams are classified according to the traffic classes, and
each classified cell stream is placed into a buffer with associated priority before transmission into the
satellite channel.
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Fig. 4.19. Protocol stack for the satellite network based on ATM switching.

Fig. 4.20. Internal architecture of the ATM satellite interworking group.
An effective error correction coding scheme should be employed in the ASIU because satellite networks
often introduce multiple bit errors. Furthermore, in order to operate with the existing high-speed ATM
networks that use optical fiber as a transmission medium, the BER of satellite links should be comparable to
the BER of optical fiber links. The coding scheme can be applied over ATM cells after they are extracted
from the received frames. The usual approach to error control is to employ forward error correction (FEC)
(e.g., a Viterbi convolutional code that adds redundant bits, thereby allowing errored bits to be recognized
and corrected). The power of these schemes increases in proportion to the number of redundant bits that are
added, with typical choices being 1 in 7 (i.e., rate 7/8), 1 in 3 (rate ¾) or 1 in 2 (rate ½). However, these
schemes fail whenever more bits are in error than can be corrected unambiguously, and there is then a
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“burst” of errors. To remedy this, a second outer block code (e.g., Reed Solomon) may be employed with a
trellis buffer. That is, the data are read into the columns of a buffer memory and read out of the rows. This
spreads out the errored bits allowing the second outer coder to correct them.
Thus one approach to error correction in an ASIU is to employ increased levels of FEC and RS coding in a
concatenated fashion as the link performance degrades. More sophisticated approaches entail (a)
compressing the header containing the address, (b) compressing the payload, and (c) reformatting both of
these into a new frame that has a link error dependent amount of Reed Solomon outer coding applied and
allows for the synchronization between transmitter and receiver. The advantage of this approach is that it is
less bandwidth intensive. The TIA TR34.1 Committee is currently considering recommendations for the
approach that should be followed.
Since satellite bandwidth is a limited resource and should be shared between earth stations fairly, a flexible
and efficient bandwidth management scheme is required in the ASIU. In other words, it is important to
assign the bandwidth dynamically and efficiently based on the various user requirements.
The ASIU also needs to support an appropriate satellite link access scheme to send data into the satellite
channel. Link access schemes should be chosen to provide high efficiency utilization of satellite bandwidth.
The demand assignment multiple access (DAMA) scheme is preferred because it allows each earth station to
request only the bandwidth that will actually be used.
Another important factor that should be considered for overall performance of satellite ATM networks is the
quality of satellite links. The willingness of ATM users to adopt satellite communications will largely
depend on providing high quality, cost-effective satellite links. The elements of a satellite link which can
affect network performance include link budget process, satellite equipment latency, data rate, modem type,
buffer management scheme, coding/modulation, throughput, interface, and satellite type. They should be
chosen properly according to user and network requirements.
HIGHER LAYER PROTOCOLS (TCP/IP) OVER SATELLITES3
TCP/IP
Transport control protocol/Internet protocol (TCP/IP) is the protocol suite on which the Internet is based.
TCP/IP is now very widely deployed. However, it was developed without taking into consideration its
performance over very high speed (fiber optic) links or long-delay (satellite) links, with the result that efforts
are now underway to remedy some of the shortcomings that are evident on links that have large bandwidthdelay product. At the present time, considerable low bit rate TCP/IP commercial traffic is being carried over
GEO satellites. With suitable TCP/IP performance enhancements, data rates in excess of 500 Mbps have
been demonstrated over GEO located satellites."
Internet Protocol
IP is a network layer protocol whose function is to permit data traffic to flow seamlessly between different
types of transport mechanisms (Ethernet, ATM, Frame Relay, etc). IP resides in the terminal devices and in
routers which function as switches in the network, routing datagrams (packets) towards their destination
based on an address field contained in the datagram. Figure 4.21 shows the protocol stack for a network
operating on TCP/IP.
The routers in the network are required to translate between different addressing schemes. For example,
local area networks operating on the IEEE 802 LAN standard address attached devices with 16 or 48-bit
binary addresses. An X.25 public packet-switching network, on the other hand, uses 12-digit decimal
addresses. IP provides a global addressing scheme and a directory service. The current version (Ipv4) of IP

3

Prakash Chitre of COMSAT Laboratories contributed to this section.
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has address space limitations that threaten to inhibit the growth of the Internet, with the result that a new
version (Ipv6) is under development (Stallings 1997).

Fig. 4.21. The protocol stack for a network running on TCP/IP (Stallings 1997).
Routers are also required to handle differences in the size of packets that can be carried on different
networks. X.25 networks commonly operate with packets having a maximum size of 1,000 bytes—in
contrast to Ethernet, which permits packets of 1,500 bytes. To overcome these differences datagrams may
have to be broken into smaller packets (this is known as fragmentation) and reassembled when they reach
their destination.
The IP protocol does not guarantee delivery, or that packets will arrive in the proper sequence. (Packets can
get out of order since they may follow different paths through the network, thereby encountering different
amounts of delay.) Packets can fail to be delivered for several reasons. If the network becomes congested
one or more routers may become overloaded and their buffers may begin to overflow. Rather than simply
discarding all newly arriving packets, the routers are programmed discard packets in a random fashion to
prevent buffer overflow. This is best implemented in a “fair” way so that the data stream having the largest
volume suffers the largest number of dropped packets. The links in the network are not error free so that it is
possible for a packet’s address to become corrupted making the packet undeliverable. Again it must be
discarded lest the network become clogged with undeliverable traffic. In sum, IP is engineered to make a
best effort to deliver a message but does not guarantee to do so.
Transport Control Protocol (TCP)
It is the function of the TCP protocol residing in the end devices (computers)—see Figure 4.21—to ensure
the proper delivery of a complete message. TCP achieves this by assigning each byte of information a
unique sequence number. The receiver keeps track of these sequence numbers and sends acknowledgements
(ACKS) to indicate that it has received each datagram up to a particular byte number.
Window Size
A problem for links via geostationary satellites that involve a response time of almost 0.5 seconds is that
TCP will not allow for more data to be sent beyond a certain “window” size before receiving an
acknowledgement. This is currently set at 64 kB and is limited by the fact that only 16 bits are available in
the header to describe the packet size. This limits the throughput to 216 bytes divided by the response time
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(round trip delay) of the circuit. For a GEO path with a round trip delay of 600 msec this corresponds to
approximately 840 kbps (Partridge and Shepard 1997).
Figure 4.22 shows the effect of the round trip time (RTT) on throughput as a function of window size. It can
be seen that a long terrestrial fiber link with a 200 msec round trip time would be limited to 2.6 Mbps by the
maximum window size of 64 kbytes. Because TCP resides in the users’ computers the only way to “spoof”
it is to place at the forwarding earth station a terminal device that acknowledges receipt of data segments as
if it were the distant receiver. However this has its own drawbacks as discussed below.

Fig. 4.22. Maximum throughput for a single TCP connection as
a function of window size and round trip time (RTT).
The Internet Engineering Task Force (IETF) has been at work recommending changes to TCP/IP to
overcome this and other limitations inherent in the current design. An increase in the size of the window to
230 bytes is proposed (RFC 1323) which would raise the throughput over a GEO satellite link to about 15
Gbps. Since even at Q/V-band, satellite frequency assignments are likely to have no more than 3 GHz
bandwidth, this will probably not impose any limitation for the foreseeable future.
Selective Acknowledgement
TCP ensures the complete delivery of data over a link by retransmitting anything for which it does not
receive an acknowledgement. That is, it retransmits everything that was sent since the last acknowledged
datagram. This “ARG” scheme is clearly inefficient in a situation where many bytes in a packet were
received correctly and only one or two arrived corrupted. In these situations it is preferable to retransmit
only the corrupted information i.e., perform a selective acknowledgement. TCP has yet to be modified and
widely deployed with this capability. It is, however, possible to implement this capability on satellite links
by introducing suitable interface units at the earth stations at each end of the link.
A relatively straightforward modification to TCP that goes some way towards remedying its current
shortcomings has been approved by the IETF. This permits the acknowledgement of datagrams received
correctly, but out of order. This new feature has been termed selective acknowledgement (SACK).
Congestion Control
TCP employs two strategies for avoiding or mitigating congestion in the network. The first scheme is a
“slow start” mechanism. Under this protocol a transmission commences with the sending of a single
segment (datagram) of information. The size of a segment is negotiated between sender and receiver at the
start of transmission, and may be limited by features of the network, but typically might be 1,000 bytes.
Once this is acknowledged two segments are sent, then four, eight, etc. This exponential growth continues
until limited by the maximum window size. This slow start algorithm will cause the throughput on long
delay links to rarely reach its maximum. It is particularly troublesome when transmitting Web pages
formatted by HTTP, since TCP treats each item in the image as requiring a separate transmission sequence.
An IETF proposal to reduce the impact of the slow start protocol is to commence by sending four segments.

98

4. Key Technology TrendsGround and Launch Systems

In the event the network becomes congested and a packet is dropped (or lost due to error) the sender will fail
to receive an acknowledgement. Regardless of the cause, the sender is obliged to assume that the problem is
congestion and institute a congestion control algorithm. This requires that the sending rate be immediately
reduced to about half, and then increased only gradually (by one segment at a time). This introduces a linear
increase as opposed to the initial exponential increase. On long delay circuits the consequences of this
congestion algorithm are particularly severe since it now takes an inordinately long time to reach maximum
throughput. This is also potentially very severe for satellite circuits with their higher error rates, since any
loss is interpreted as being caused by congestion. The best means of avoiding this error loss problem
appears to be to operate the link with sufficient (concatenated) coding to ensure very low BER. Commercial
devices such as COMSAT Link Accelerator for IP, CLA-2000/IP, address this problem in a similar manner
as described before for ASIU. CLA-2000/IP invokes link error dependent amount of Reed Solomon outer
coding, resulting in a very low TCP packet error ratio. This dynamic adaptive coding method, coupled with
the data compression, improves considerably the throughput of applications such as file transfer protocol
(FTP) running over TCP, as illustrated in Figure 4.23.

Fig. 4.23. Improvement in the throughput of data over a satellite link as a
Function of bit error rate with and without a link conditioning
unit (ASIU). The example shown here is for a commercial unit
(COMSAT Link Accelerator).
Current Research
Current research involving TCP over satellite channels is generally focused in two areas. The first area is the
slow start algorithm. By beginning slow start by sending more than 1 segment, transfer time can be reduced
by several round trip times. This change has been shown to be effective in the satellite environment. This
change is being proposed in the IETF by researchers from NASA Lewis Research Center, Lawrence
Berkeley Laboratory and BBN. In addition, researchers at NASA Lewis Research Center and Ohio
University are further investigating the impact of this proposed change.
In addition to starting with a larger number of segments, NASA Lewis Research Center is investigating
alternate methods for generating and utilizing acknowledgments that will provide more rapid speedup during
slow start. This will be especially useful in the long-delay satellite environment, but should benefit all
networks including terrestrial networks.
The second broad area for study is loss recovery. Traditionally TCP has used the lack of an
acknowledgment from the receiver to indicate a segment was dropped. However, with the recent
introduction of a selective acknowledgment option for TCP, the TCP sender is able to better manage which
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segments are retransmitted, as it has more information. With SACK, instead of the receiver returning the
highest in-order segment received, it informs the sender about all the segments it has received (and therefore,
all the segments that have not been received). This allows the sender to implement network-friendly
retransmission. In addition, since the sender knows much more about the state of the network it can safely
determine when it is appropriate to inject new segments into the network during recovery. This allows better
utilization of the network and therefore better performance.
IETF TCP Over Satellite Working Group
The TCPSAT Working Group of IETF is chartered to produce two documents (Glover, Allman) for those
working with and studying satellite networks. The first document outlines the current standard mechanisms
that can improve the bandwidth utilization of TCP over satellite channels. The second document outlines
areas currently being researched and areas for future study. The mechanisms in the second document may
be useful for private satellite networks, but have not yet been judged to be safe for use in a shared network
such as the Internet.
Interoperability with Terrestrial Networks
It has become increasingly evident that the full potential of the emerging national and global information
infrastructure (NII/GII) depends on the inclusion of satellite networks in telecommunication networks. Full
inclusion requires achievement of seamless interoperability of satellite networks with terrestrial networks as
both evolve to provide end-to-end services.
This panel observed that the interoperability issues are being addressed worldwide on several fronts.
Standards, of course, are key to interoperability. The development of applications that are based on
integrated networks also plays a role. This section highlights the research activity that is being conducted to
address interoperability issues worldwide.
In Europe, the activity tends to fall into the service-driven category. Major North American activity tends to
be technology-driven, while Asian activities are more evenly divided, although there are exceptions and
changes.
In order to integrate satellites into the emerging global information infrastructure, both technology-driven
and service-driven programs are necessary. Neither one is necessarily superior to the other; in fact, in either
case, success is dependent upon implementation.
Europe’s Experimental Programs
The European ACTS Program
Advanced Communications Technology and Services, known simply as ACTS, is one of the specific
programs of the Fourth Framework Program of European Union (EU) activities in the field of research and
technological development and demonstration (1994 to 1998). In fact, it is the focus of the EU’s research
effort to accelerate deployment of advanced communications infrastructures and services, and is
complemented by extensive European research in the related fields of information technology and telematics.
ACTS research strongly complements a broad range of EU policy initiatives, examples of which include:
•

improving the competitiveness of European enterprises in global markets

•

achieving sustainable economic growth

•

creating more employment opportunities and new way of working

•

strengthening the single market through the development of trans-European networks

ACTS builds on the work of the earlier RACE programs (Research and Development in Advanced
Communications Technologies for Europe, 1985-1995), which were established to help introduce Integrated
Broadband Communications (IBC), taking into account the evolving ISDN and national introduction
strategies, and to bring about EU-wide services by 1995. Independent assessments have confirmed that
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RACE broadly achieved this objective, and that such technologies are beginning to be deployed in European
countries either in specialized scientific networks or, in a few cases, as limited public services.
European Space Agency (ESA)
Like NASA, ESA is heavily involved in satellite-terrestrial interoperability R&D. ESA provided the
following material from a presentation given at an ATM workshop in Paris in July of 1996.
ESA Research and Development Activities on ATM
Interconnection of ATM LANS:
•

partly in the frame of COST 226, several companies involved (Johanneum Research, Uni-Salzburg, Spar
Aerospace, Matra, etc.)

•

mf-TDMA satellite access scheme

•

symbol synchronous tx scheme

•

News on demand (Logica)

•

focus on applications

•

selection of test cases

•

performance evaluation

System studies (CSEM, Spar) :
•

ATM-based satellite system evolution scenario

•

architectural solutions to support ATM traffic via satellite

•

traffic modeling and performance simulations

Technology studies (Spar) :
•

ATM on-board switch technology

•

low-cost earth stations components

•

efficient access schemes

•

reconfigurable multi-beam front-end

Results of ESA developments:
•

Switched VSAT (XVSAT)

•

Interconnection of ATM LANs (SAIT)

•

ATM for service multiplexing and switching building on technology available

•

hubless and fully meshed Ku-band VSAT system

•

BoD SCPC-based DAMA system provides IP-based LAN interconnection, will provide direct ATM
UNI

Status of the Project:
•

ATM-based IWU developed and tested

•

Q.930 based call-handler developed, under testing

•

System integration under way
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•

Installation of three sites planned end summer ’96

•

Switched VSAT- XVSAT (follows)

•

System verification until end ’96

•

System demonstration (6 months) planned first half ’97

•

Contract for extension ATM UNI under negotiation

•

Industrial Team
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− SAIT Systems (call handling, management system)
− MPR Teltech (ATM Service Adapters, tx adapters)
− EB/NERA (BoD, SCPC DAMA system)
− Telenor (operations of the DAMA system)
− Satellite Rf equipment for Broadband Communications.
− Modem at 155 Mbits (Newtec) provides fiber-like performance over satellite links at SDH rates
VANTAGE - VSAT ATM Network Trials for Applications Groups Across Europe
VANTAGE will unite the service flexibility of ATM and the access flexibility of satellites to provide a panEuropean interconnection service. This project will include trials with a variety of earth station technologies
and access techniques to interconnect isolated users, to integrate National Host networks out to remote users,
and to show that ATM’s flexibility in the management of signaling allows satellites to be seamlessly
embedded in the terrestrial network.
VANTAGE will implement a novel architecture using a conventional transparent satellite, with its earth
stations, as a distributed ATM switch. This project will be the first time such an innovative architecture has
been used.
A series of three major trials, each of several weeks duration, will be mounted, with at least four
simultaneous sites provided from project resources. User access will be by standard interfaces (from a few
bits to many megabits per second), and total capacity will be increased through the project to over 20Mbps.
Key issues. By using this approach VANTAGE will allow “switch-in-the-sky” capabilities to be provided
and operationally tested while avoiding the need for high cost, high risk, specialist satellite development or
major terrestrial infrastructure.
Relationship to previous work. The VANTAGE project will elaborate on concepts developed and
techniques explored and evaluated in the former RACE program.
Expected Achievements. VANTAGE will provide a service platform allowing a variety of other projects to
develop and evaluate their applications and technologies. For some projects this platform may provide the
only interconnection possibility. VANTAGE will provide a unique opportunity for empirical exploration of
the capabilities, strengths, weakness, and impact of the IBC network in advance of its wide terrestrial
deployment. VANTAGE will demonstrate the capability of European industry to develop, and of European
government to coordinate, world-leading equipment, systems and services.
To the extent that the system is ultimately exploited, VANTAGE provides the opportunity for Europe to
establish world leadership with a “first” operational system setting de facto international standards.
Expected Impact. VANTAGE will provide the enabling technology to extend a variety of (many novel)
applications and services beyond their current urban limits.
Relationship to other Projects. In addition to testing applications from within the project, VANTAGE will
also offer a connection service to applications from other ACTS projects and to national hosts.
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Japan’s Experimental Programs
Communications Research Laboratory (CRL)
Although not specifically targeted at SDH, WTEC panelists were informed by the CRL project managers
that one of the key issues to be addressed in CRL’s program is the ability of current and next-generation
satellites to interoperate with international, SDH-based, undersea fiber optic cable systems. Note that this
project includes both technology-driven and service-driven research thrusts. Because of its importance to
SDH-satellite interoperability, however, we include it only in this section.
The laboratory has two principal goals: first, the international interconnection of ultra high-speed
telecommunication networks. This is expected to be achieved by the installation of an experimental facility
on the premises of CRL, which would have state-of-the art equipment. The second goal is research and
development to enhance international multimedia applications. Again, cutting edge equipment is being
installed so that the research can lead to the development of international standards for applications, such as
international transactions.
Project Objectives. One objective is to improve the telecommunications network infrastructure for Japanese
corporations for communication between these corporations and also for communicating with overseas
corporations. This is expected to promote the transformation of the Japanese economic structure by
developing new markets, growth in sophistication of existing operations, and an increase in import volumes.
This will relieve the negative impact of the appreciation of the yen through expansion of domestic demand
for goods and services.
Another objective is to provide leadership for G7 international joint projects in order to contribute to the
international standardization in terms of interconnectivity and interoperability of broadband network
applications. Additional objectives are as follows:
1.

Promotion of standardization

2.

Promotion of efforts to construct global broadband network and relevant applications development

3.

Promotion of various new businesses utilizing broadband network technology.

Asia-Pacific Information Infrastructure Testbed
Kansai Advanced Research Center was established in May 1989 as a major facility to perform basic research
under CRL. The center performs basic research in the areas of information science and technology, material
science and laser technology and biological information science with the objective of developing advanced
technology of the future in the areas of information processing and communications. Also near its facility,
the Asia Pacific Information Infrastructure (APII) Technology Center has been established. Details are
provided below.
Asia Pacific Information Infrastructure (APII) Technology Center. With the aim of achieving a leading role
in the establishment of the information infrastructure in the Asia-Pacific region, the APII Technology Center
has been constructed in Kobe City.
To respond appropriately to the globalization of information communications, there is a need to establish an
information infrastructure that crosses national borders while giving full consideration to the social and
cultural diversity as well as different levels of economic and technological development in the Asia-Pacific
region.
International joint research and experiments on a multimedia information network are being planned. The
final goal is to conduct remote joint research and distance learning activities and to establish capabilities in
telemedicine, teleshopping, and an electronic museum. A related goal is to promote the use of this network,
and to create an environment in which as many countries in the Asia-Pacific region as possible can
participate.
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The APII Technology Center offers group technical training courses on multimedia information and
communications technology to the engineers from the Asia-Pacific region. The technical training program
consists of trends in multimedia information technology, internet utilization technology, video on demand
(VOD), application techniques and cyber space application techniques.
The APII Technology Center has been built by the Ministry of Posts and Telecommunications. This facility
uses various systems, including Internet, “cyberspace” and VOD, which are offered through an ATM-LAN.
The facility carries out joint development of applications and network interconnection technologies, and
trains technicians.
At the APEC informal meeting of heads of government held in Manila in 1996, Prime Minister Hashimoto
called for, among other things, various kinds of experiments and training to be undertaken that would use
this facility as a test-bed, with the goal of becoming a nucleus in the Asian-Pacific information and
communications infrastructure (APII).
In addition to the ATM-LAN, which has been installed as a local area network facility, the center is
connected to external experimental facilities via N-ISDN and high speed private lines. At the time of the
WTEC visit, this facility was connected to external networks with six N-ISDN lines, and was connected to
Tokyo via a 45 Mbps high speed private line.
Canada’s Experimental Programs
Communications Research Centre (CRC) is the Canadian government’s leading communications research
facility. It is responsible for conducting leading edge R&D to develop the Canadian communications
infrastructure. Its key objective is to support Canadian telecommunications firms in their efforts to remain
globally competitive.
Broadband Applications and Demonstration Laboratory
The WTEC team was given a tour of the BADLAB, which is designed to demonstrate and test “Information
Highway” applications using ATM fiber optic networks, with network extension via satellite and wireless.
The staff has performed several experiments to investigate satellite/terrestrial interoperability based on ATM
architecture.
BADLAB is Canada's ATM gateway to high speed communications networks around the world. It is a
major node on the CANARIE National Test Network and an active partner in the Ottawa Carleton Research
Institute Network Inc. (OCRInet). BADLAB is also connected to Europe through Teleglobe Canada's
CANTAT-3 transatlantic fiber optic cable, and will use satellites to connect to Japan. The lab is actively
working with its European partners on broadband interoperability and applications trials.
BADLAB is collaborating with the Government Telecommunications and Informatics Services (GTIS) to
explore broadband service options for a range of government clients across Canada. BADLAB is connected
to GTIS through a 155 Mbps line. The lab is currently connected to OCRInet through two 45 Mbps links,
with the capacity to upgrade to 155 Mbps. The objective of this lab is to test and demonstrate various ATM
networks such as OCRInet, Rnet, Wnet, LARG*net and others as they come on line, making use of
BADLAB's satellite link capability for network extension and to make the lab available to industry,
especially small and medium-sized high technology R&D companies across Canada, to develop applications
that may be of commercial value.
The broadband applications experiments are being conducted in the following areas:
•

Education: distance education and training through enhanced video conferencing with shared
applications capability

•

Medical: patient diagnosis and physician consultations between hospitals in different parts of the
country and European medical institutes
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•

Scientific Applications: computer reconstruction of human profiles transmitted via ATM for
simultaneous analysis by police and forensic experts at different locations

•

Engineering: collaborative designs that can be worked on simultaneously at multiple sites; remote
control of robotic devices from thousands of kilometers away, using telemetry carried via ATM over
satellite or ground-based fiber optic cable

•

Government service: CRC and GTIS are exploring applications

U.S. Experimental Programs
In mid-1995 the U.S. satellite industry responded to the call for a NII/GII initiative. In a White House
briefing to Vice President Gore, the Satellite Industry Task Force (SITF) brought attention to five major
areas of concern that would affect the ability of satellites to play an effective role in the NII/GII:
•

lower cost access to space

•

regulatory matters (including spectrum and orbital assignments)

•

trade and security issues

•

standards, protocols, and interoperability

•

enabling technologies and applications

Subsequently, the U.S. satellite industry organized a group under the auspices of the Telecommunications
Industry Association (TIA) to deal with these issues. Using TIA as a forum, the satellite industry has now
successfully begun to address the standards, protocols and interoperability issues. At its inception, the
Satellite Communications Division (SCD) of the TIA created two subgroups, TR34.1 and TR34.2, to address
technical issues. It delegated to the TR34.1 subgroup those technical matters associated with protocol and
interoperability issues. Spectrum and orbital utilization issues were delegated to the TR34.2 subgroup.
To date, both TR34.1 and TR34.2 have made progress in assuring that satellite systems can be seamlessly
and transparently integrated into the NII/GII. They continue to be effective, working both internally and
through the various standards-making bodies, in influencing the development of standards and regulatory
matters.
Also, satellite interoperability experiments are being conducted. These experiments are driven by either
application and service programs or by standards and technology programs. The experiments are listed in
Table 4.6.
ATM Protocol
The TR34.1 subgroup thus far has focused on several ATM protocol related issues affecting satellite
networks.
These include ATM speech, ATM quality of service considerations, wireless ATM
considerations, and ATM traffic management considerations.
In the area of ATM speech, TR34.1 has been successful in promoting satellite-friendly specifications for the
ATM adaptation layer protocols through the ITU-T SG13 and through the ATM Forum. Similarly, TR34.1
has been successful in working with the ATM Forum to develop a Network Architectures and Requirements
Document, which establishes the key interoperability specifications for both fixed and mobile satellite
networks, including systems employing onboard ATM switches. Also included in that document are the
radio access layer specifications for satellite ATM networks for a variety of network scenarios. The details
on these proposed standards are available through the COMSAT website (http://ww.comsat.com).
Additional work is needed to establish satellite-friendly specifications for packet error rates; packet loss
rates; packet delay and delay variation specifications for AAL2; and for speech compression protocols,
congestion control procedures; the multiplexing of voice, video, and data; and echo cancellation.
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Table 4.6
Satellite ATM Projects
Project Name

Development
Team

Transponder

Access Method

Speed

Vantage

BT Telecom

Ku-band

Point-to-Point

2 Mbps

QoS over an IDR Link

AT&T, KDD
(Japan), Tetstra
(Australia)

Ku-band

Point-to-Point

44.736 Mbps

ATM Satellite
Experiments

AFRL (U.S.)
CRC (Canada)
NCCOSC (U.S.)

Ku-band

Point-to-Point
Multicast

44.736 Mbps

RACE

Eutelsat
Alcatal

Ku-band

Point-to-Point

34 Mbps

ACTS

NASA Lewis
Research Center

Ka-band
microwave
switch matrix

TDMA

622 Mbps

Bandwidth on Demand

COMSAT
Interstate

Ku-band

MF-TDMA

2-8 Mbps

Teledesic*
Broadband/Global/Net

Teledesic

Ka-band
LEO Onboard
Processing

MF-TDMA

16 kbps – 2 Mbps

* 1st of many proposed systems

In the area of ATM traffic management, Raj Jain (Ohio State University), working under the sponsorship of
NASA Lewis Research Center, is exploring the performance characteristics of new ATM networking
concepts. These include simulations of available-bit-rate (ABR) and unspecified-bit-rate (UBR) traffic flows
versus constant-bit-rate (CBR) traffic flows. Additionally, Jain is investigating the performance
characteristics of guaranteed-frame-rate (GFR) networking concepts, point-to-multipoint service concepts,
and multipoint-to-point service concepts for high latency satellite links. He is working closely with the
ATM Forum and the Internet Engineering Task Force (IETF) in the development of these concepts. His
work is available for review on the OSU website: http://www.cis.ohio-state.edu/~jain.
In the area of ATM quality of service, NASA Lewis Research Center (LeRC) has conducted a series of
experiments to characterize the effects of link bit error rates and errored cell losses on video picture quality.
The objective of this work is to ensure that the requirements for ATM video standards are not overly
stringent, thereby needlessly burdening satellite network interoperability requirements. The results of this
work have been presented to the ATM Forum.
TCP/IP Protocol for Satellites
The performance issues of TCP/IP over high-latency links are being investigated by the Internet Engineering
Task Force (IETF), by TR34.1 through its Internet Protocol over Satellite (IPoS) group, and by Craig
Partridge (BBN and the IETF) under a grant from NASA LeRC. The majority opinion has been that there
must be a fundamental change to the protocol to make it work efficiently over high-latency satellite links.
The minority opinion, promoted primarily by van Jacobson and others in the IETF, is that globally
modifying the installed base of TCP applications it is not only impractical, but that it is totally unnecessary.
Instead, they feel it should be possible to correct the problem by changing the slow-start and ack/nak
processes that reside only in the earth stations themselves. Simulation studies need to be done to confirm or
disprove that conjecture.
The Advanced Communication Technology Satellite (ACTS) program at NASA Lewis Research Center has
demonstrated that it is possible to create an all-digital Ka-band system that can overcome rain fade. The
ACTS is a TDMA-based system that uses spot beam (or multibeam) technology, on-board storage and
processing, and all-digital transmission. ACTS can transfer TCP/IP data at OC-12 speeds (622 megabits per
second). Additional information can be obtained at http://acts.lerc.nasa.gov.
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Common Air Interface for Communication Satellites
One of the most significant outcomes of the organization of the satellite industry under the TIA has been the
cooperative efforts that have been mounted within the industry to standardize the air interface for mobile
communications. This activity, which is being managed by TR34.1, was initiated jointly by Hughes and
Ericsson. The objective is to reduce the cost of satellite transceivers through economies of scale. To date,
the group has agreed on a top-down approach in developing the standard, and is in the process of drafting a
specification. The draft is available for review on the COMSAT website (http://www.comsat.com).
Hybrid Access Services
Currently, a number of standards bodies are in the early stages of developing hybrid service concepts that
would provide IP based access to traditional telephony services, and conversely, circuit-switched access to
IP based content. Work is on-going in the ITU-T under SG13 and SG16, in ETSI under project TIPHON, in
the IETF under working groups MUSIC, AVT, and PINT, and in the Voice-Over-IP Forum of the Multimedia
Teleconferencing Consortium (IMTC).
REFERENCES
Akyildiz, Ian F., and Seong-Ho Jeong. 1997. Satellite ATM Networks. IEEE Communications Magazine.
July.
Brandon, W.T. 1994. Market Elasticity of Satellite Communications Terminals.
International Journal of Space Communications.
Cromer, Donald. 1997. Personal discussion with the Chairman of Hughes Space and Communications.
Glover, D., and M. Allman*. Ongoing TCP Research Related to Satellites. Enhancing TCP Over Satellite
Channels using Standard Mechanisms. URLs for the Internet drafts are:
ftp://ds.internic.net/internet-drafts/draft-ietf-tcpsat-stand-mech-02.txt
ftp://ds.internic.net/internet-drafts/draft-ietf-tcpsat-res-issues-00.txt
(Launchspace Magazine, October/November, 1997, p48).
ITU. March 1997. “World Telecommunications Development Report 1996/7.”
Ovum. March 1997. “Facts Through Figures A Report for the European Commission.”
http://www2.echo.lu:80/langeng/en/reps/eupfile/teleprof.html
Partridge, C., and Timothy J. Shepard. 1997. TCP/IP Performance over Satellite Links. IEEE Network.
Sept./Oct: 44-49.
Stallings, W. IP v6: The New Internet Protocol Internet draft. http://www.comsoc.org/pubs/surveys/stallingorig.html

107

CHAPTER 5

KEY POLICY AND REGULATORY ISSUES
INTRODUCTION
This global survey revealed that the visited countries are pursuing broadly different strategies with respect to
their overall telecommunications and information policies and that this diversity of approach is reflected in
satellite telecommunications as well. In some respects, the policies and strategic objectives of Japan and
Korea appear to be most clearly defined. India, with a narrower focus on its national satellite
telecommunications needs, has set very clear goals for its future development as well. The Japanese Vision
21 paper on that nation’s future objectives for telecommunications and satellite communications into the next
century is a particularly impressive accomplishment (MPT 1997).
In Canada and the United States, the key governmental agencies appear much more content to let industry
define on a decentralized basis objectives for the future, even though there are key longer term space
communications technologies being pursued by federal agencies. In general, NASA's broad goal in satellite
communications is to develop future satellite technologies and systems to support broadband multimedia
applications via fixed and mobile satellite networks. NASA seems headed toward converting some of its
space operations to communications services, particularly with regard to the tracking and data relay satellite
system (TDRSS).
In Europe, the patterns appear to be at their most complex. The objectives of the European
Telecommunications Standards Institute (ETSI), the European Space Agency (ESA), the Council on
European Posts and Telecommunications (CEPT), and the European Union are not closely meshed. Given
the fact that different nations, different personnel, and different research and operational programs are
involved with these four diverse entities this does not seem surprising. The EU participates in some ESA
programs and vice versa. CEPT and ETSI are quite separate. Overlaying this regional organizational
complexity is the fact that several countries such as France, Italy, Germany and Spain are actively involved
in the implementation of national space communications programs, in addition to their ongoing support for
the European Space Agency. In light of the modest funds available for space communications research this
divergence into national development programs (which national officials described as better, cheaper and
faster) must be of serious concern to ESA's future programs in this field.
A number of national space communications programs are clearly oriented toward the maximum opportunity
to engage in new international programs and seek to benefit where possible with useful technology transfer.
The most active country in pursuing this technology transfer approach in the field of satellite
communications (and other space applications for that matter) is Korea. There, over a dozen international
cooperative commercial projects in satellite communications are currently underway, involving some eight
industrial groups. There is certainly parallel interest in seeking more involvement in international projects
(with or without active technology transfer), as shown by Canada, Israel, Italy, and Russia. Other countries
have, in contrast, largely defined their future space communications programs on the basis of a good
measure of national independence. These include Brazil, China, France, and India.
It is clear that Matra Marconi, which as a multi-national corporation is somewhat orthogonal to national
French objectives, is intent on becoming the predominant and most integrated "European" aerospace
manufacturer with key divisions and plants in the United Kingdom, Germany, and France, and with other
strong alliances throughout Europe.
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It is impossible to set forth here in detail all of the issues with regard to competition, trade, standards,
spectrum and frequency, essential space services for public funded programs, institutional issues and
progress on their reform and modification, industrial patterns of change, technology transfer, and the proper
role of government in future space communications development. Nevertheless the following sections
attempt to highlight key findings and observations with respect to these matters.
Competition in Global Satellite Markets
The research and site visits undertaken in this study suggest that satellite markets in China, India and Brazil
will be strongly controlled by governmental policies and opened to competition both slowly and carefully.
Markets in Japan and Korea will be more open, but will likely still be strongly influenced by governmental
industrial policies. In Europe, the European Commission in Brussels will strongly promote open competitive
markets, but clearly certain markets, especially that of France, will be influenced by national developmental
programs like STENTOR and steered by national industrial policies as well.
In general, the global trend to open all telecommunications markets, including satellite communications, will
continue, but barriers and obstacles such as restrictive allocations of new frequencies and landing rights,
resistance to new spectrum allocations for low earth orbit (LEO) and medium earth orbit (MEO) satellite
services, and constraints related to national licensing of terminal equipment to operate with satellite systems
will all remain constraints to free and open global markets. The voluntarily agreed plans to open national
markets up to international competition as presented by countries like Korea have major loopholes that will
slow new market entry by international entities. (See next sub-section.)
International Trade
The World Trade Organization’s Telecommunications Pact, which extends the General Agreement on Trade
in Services to a broad range of telephone and data services, is a clear breakthrough in opening international
trade in this area. The sixty-nine nations that have committed to this pact represent a very significant portion
of total global telecommunications trade (nearly 90%).
The trading provisions are voluntarily declared by participants, however, and in some cases the opening of
international trade is carefully circumscribed and requires transitional periods and high degrees of domestic
participation and ownership of new competitive carriers. Further, the enforcement procedures have various
degrees of loop holes. Nevertheless this pact creates a strong initial base from which further improvements
can be made, and higher levels of consistency from country to country can be sought. Nations that did not
participate in the pact will likely feel increased economic pressure to join in this agreement. Of the surveyed
countries in this study all of Europe, Canada, the United States, India, Israel, and Korea are participating
while Brazil, China, Russia and the Ukraine are not at this time, even though China is actively seeking to
participate over current U.S. objections.
STANDARDS AND PROTOCOLS
Background
Early commercial satellites were designed for a single purpose: to carry international, analog telephone
traffic. Because these systems interconnected domestic telephone carriers, they had to adhere to telephony
standards developed by the International Telecommunication Union’s (ITU) former Consultative Committee
on Telephony and Telegraphy (CCITT). Since satellites, in general, provided only a single service, it was
sufficient for satellite service providers to participate exclusively in the ITU standards process. Even when
satellites began to carry analog television traffic, the number of standards bodies that service providers
needed to be concerned with was still relatively small.
During the past decade, however, deregulation, the advent of digital communications, and the onslaught of
demand for global data services caused an unprecedented explosion in both the number and technical
diversity of domestic and international standards bodies. The past few years have seen the birth of entirely
new organizations like the ATM Forum, the rapid growth of existing groups like the Internet Engineering
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Task Force (IETF) and the wholesale re-engineering of venerable standards bodies like the American
National Standards Institute (ANSI), European Telecommunications Standards Institute (ETSI), and the ITU
(see Figure 5.1, the snapshot of the standard bodies for satcom).

EIA/TIA

APSI

ANSI

ETSI

ITU-T

ISO-IEC

ITU-R

ATM
Forum

IETF

IEEE

Fig. 5.1. Snapshot of the standards bodies universe for SATCOM.
For better or worse, these irreversible changes have completely transformed the old, cloistered standards
community and created a vastly larger, faster-moving, and increasingly competitive international standardsmaking process. To remain at the leading edge of global communications, today’s satellite developers,
operators, and service providers are called to participate in an ever-growing number of standardization
activities. In comparison to the "early days" of satellite communications, by some estimates the average
amount of corporate resources that is allocated to standards participation—to the monitoring, developing,
and assuring compliance with emerging standards—has grown at least one hundred-fold since the first
commercial satellite transponder came online!
The changes that have swept the communications marketplace over the past decade are truly revolutionary.
Service providers are moving away from the vertically integrated "stovepipe" systems of yesterday's
network-oriented offerings toward a more consumer-oriented set of offerings characterized by a much richer
mix of communications options wherein interoperability is the key word. The challenge now for the satellite
industry is to develop the business strategies and technical capabilities that will enable satellite systems to
effectively inter-operate with the terrestrial infrastructure as well as other satellite systems. New system
architectures will be needed, and new or modified protocols will be required to provide the degree of
interoperability that consumers will demand of future systems.
Trends
The tremendous demand for data services has brought to the marketplace a variety of solutions. Even in the
broadcast arena where advanced digital systems are poised to replace the venerable analog TV systems, data
services are being offered. The FCC, in December of 1996, adopted a recommendation by the Advanced
Television Systems Committee (ATSC) for next generation digital television for terrestrial systems (ATSC
Recommendation A/53). In doing so, the FCC established for the United States a standard for the
development and deployment of high definition television (HDTV). This is a comprehensive standard that
defines audio and video digital signal compression formats, packetized transport structure, and modulation
and scanning formats. It also defines the digital data structures that will allow broadcast signals to carry
ancillary data channels, a move which will help to accelerate the deployment of a whole host of datacasting
and multimedia applications—all of this for terrestrial systems. In December 1997, the FCC was scheduled
to begin examining responses to its Request for Information (RFI) in preparation for issuing a similar
standard for broadcast satellite systems. The eventual adoption of such a standard is certain to create new
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opportunities for satellite systems, not only as a program distribution medium, but also as a key player in the
direct-to-home (DTH) applications market.
Data communications is becoming an increasingly large component of the telecommunications budget for
businesses. Consequently, businesses are especially eager to find ways to expand their data networks and at
the same time reduce their overall communications costs. One solution that is gaining widespread
acceptance is for businesses to replace or augment their traditional dial-up or leased-line services with
Internet protocol (IP) based intranets and virtual private networks (VPNs). VPNs allow voice, and in some
cases video, to be integrated along with the data services into a single local area network (LAN) and/or wide
area network (WAN) service. The widespread availability and relatively low cost of IP based packet
technology makes VPNs attractive for a wide variety of services including voice, voice mail, email, fax,
document distribution, software updates, inventory management, and on and on for both internal and
external communications.
Currently, most businesses with low to modest throughput demands (i.e., roughly 6 Mbps or less) find that
Frame Relay and integrated service digital networks (ISDN) are the most cost-effective means of
interconnecting their geographically dispersed offices, and of linking up with their business partners.
Several other options, however, are being explored as well. For example, ADSL (asynchronous digital
subscriber loop) technology and its variants—mainly SDSL (symmetric DSL), HDSL (high-bit-rate DSL),
and VDSL (very-high-bit-rate DSL)—are being deployed by many local telephone service providers as an
alternative to traditional T-carrier services like the 1.5 Mbps T-1. Typically, ADSL can provide up to 9
Mbps downstream and up to 640 kbps upstream; VDSL, on the other hand, can provide up to 51 Mbps
downstream and up to 1.6 Mbps upstream. Its popularity is such that the ability of regional telephone
companies to equip their central offices for xDSL services is a limiting factor in its deployment. The interest
in xDSL services is matched only by that for cable data services. Businesses and consumers alike are
installing cable modems where the service is available. The reason: cable data rates typically provide 10-30
Mbps downstream and up to 3 Mbps upstream, perfect for high speed file transfers and for streaming audio
and video applications.
Meanwhile at the high end, other businesses, especially those with higher total throughput requirements, are
adopting ATM (asynchronous transfer mode) as the preferred LAN and WAN technology. ATM is a highly
adaptable technology, one that is particularly well suited for integrating voice, data, and video services. It
can be used effectively at bit rates that range from the low to moderate rates employed for direct-to-desktop
applications (i.e., 1 Mbps and below) all the way up to multi-gigabit per second rates employed for trunking
applications. Nevertheless, the business community is not rushing to embrace ATM. The relatively high
cost of implementing an ATM network is a major deterrent. If and when the price of ATM routers, bridges,
and interface hardware come more in line with the price of Frame Relay equipment, ATM is likely to take
over as the technology of choice. In the interim, Frame Relay, ISDN, and xDSL for low to moderate bit rate
applications along with Gigabit Ethernet for high data rate backbone applications will most likely persist.
This proliferation of network technologies brings with it the need to develop interoperable solutions. That
includes interoperability among the various network technologies and interoperability among the various
delivery systems, e.g., wired and wireless systems, cable and twisted pair systems, satellite and terrestrial
systems, etc. One approach is to develop hybrid networking concepts. The ongoing activity to combine IPbased and traditional telephony services is a prime example. The objective here is to cross-enable circuitswitched and packet-switched services. The result could include: (1) voice-over IP networks, (2)
supplementary telephony services over IP networks such as call waiting, call forwarding, caller ID, and 3rdparty calling, (3) lifeline services (e.g., 911) over IP, (4) multimedia over IP, (5) fax over IP, and (6) voice
access to IP (esp. Internet) content. Alternatively, it would result in circuit-switched access to IP-based (esp.
Internet) information content. Still other concepts are evolving that would further blur the distinctions
between circuit-switched and packet-switched networks, and between connection-oriented and
connectionless networks.
Standards bodies are now engaged in the process of turning this vision of universal access into a reality.
Efforts are targeted at evolving the necessary networking by the year 2000. In Europe, ETSI is laying the
foundation for a Universal Mobile Telecommunications System (UMTS) that would unify cellular, GSM,
cable, wireless local loop, and satellites with the fixed network. A similar effort is underway in ITU
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activities designated as the Future Public Land Mobile Telecommunications System (FPLMTS) project and
the International Mobile Telecommunications in the Year 2000 (IMT-2000) project. As a part of this work,
new network management and control standards must be developed for these expanded services.
Concurrently, the concepts for universal access by anyone, anywhere, anytime as envisioned by Vice
President Gore in his 1995 landmark address on the National Information Infrastructure/Global Information
Infrastructure (NII/GII) are beginning to acquire substance. From the onset there has been considerable
debate as to what the essential elements of the NII/GII are, what the architectural structure of the NII/GII is,
and what the basic service capabilities should be. In September 1997, a Canadian standards body, the
Telecommunications Standards Advisory Council of Canada (TSACC) was the first to produce a document
that defines these top-level concepts. Its purpose is to guide the development and deployment of the
Canadian Information Highway.
Similar undertakings by the International Organization for
Standards/International Electrotechnical Commission (ISO/IEC), the Joint Technical Committee (JTC1),
Special Working Group on Global Information Infrastructure (SWG-GII) and by T1P1.1 are nearing
completion. Likewise, in early 1998, ITU-T SG13 is expected to issue a set of documents that will establish
the basic principles, framework, and architectures for the GII.
The Issues
With the top-level concepts for the NII/GII now beginning to solidify, standards bodies are beginning to
focus on the next tier of issues associated with the make up of the NII/GII. Expert groups within the various
standards bodies will thus begin to hone in on the technical details that will guide the implementation of the
various networking technologies. In the past, these expert groups have been dominated by terrestrial
network service providers and equipment manufacturers. Without a more active participation on the part of
the satellite industry, the ensuing standards may not be particularly satellite-friendly. That is the case for
many of today’s communications protocols, which are largely fiber-centric. Frequently, requirements
affecting bandwidth utilization, bit error rate performance, and latency (i.e., propagation delay) needlessly
find their way into the standards and unduly hamper the design or applicability of satellite systems. Clearly,
if satellite systems are to be effectively integrated into the communications fabric of the NII/GII, the satellite
industry must play an active role in the development or modification of these standards.
Among the most pressing protocol issues to affect satellite communications are several associated with
ATM. Among the biggest issues in this regard is one that has to do with the way voice services are carried.
Because of ATM’s overhead structure, a standard 64 kbps digital voice channel, if not compressed, would
expand to approximately 80 kbps. For satellite systems, where bandwidth is a precious commodity, the
adoption of a standard that incorporates voice compression and silence suppression would eliminate the
channel inefficiencies that would otherwise result. An equally important ATM-related issue is that of
quality-of-service (QoS) requirements. Here the propensity within the standards community to arbitrarily
impose fiber-optic consistent requirements on the standards has unnecessarily burdened various ATM
services classes. Studies have shown, for example, that the requirements regarding cell loss and cell error
ratios for MPEG video applications need not be as stringent as fiber bit error rates would support.
Another pressing protocol issue affecting the ability of satellites to carry data file transfers is that of the
TCP/IP traffic management protocol. Current implementations of the TCP/IP protocol, which were
developed for low-latency terrestrial applications, include a rudimentary slow-start congestion avoidance
control mechanism and relatively small data buffers. For high latency satellite links, the effect of the slowstart mechanism combined with the small data buffers severely limits the data transfer rates. Solutions must
be found that would enable satellites to handle file transfers as efficiently as low-latency terrestrial systems
(see Chapter 4).
Efforts to provide traditional telephony services over IP based networks bring with them a number of
unanswered questions. In particular, there are issues to be resolved relating to call control procedures (i.e.,
information flows and protocols), IP-to-E.164 address translation, charging/billing, end-to-end quality-ofservice requirements, and the traffic loading effects that IP protocols could have on PSTN and satellite
networks. Similarly, the are many unanswered questions regarding circuit-switched access to IP based (e.g.,
Internet) content.
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Communications Satellite-Terrestrial Interoperability Issues
The interoperability of satellite and terrestrial communications facilities is increasingly becoming a major
issue. In the past, satellites tended to be used in a stand-alone mode or were integrated into the voice
network with few problems. As we look into the future, it is becoming increasingly evident that
communications across the terrestrial and satellite facilities needs to occur seamlessly to create a large global
network that is capable of handling low as well as high bit rate traffic. The first issue is the mismatch
between the bandwidth of satellites and fiber. Present commercial satellites tend to have a maximum bit rate
capability of about OC-3, or 155 Mbps, while a single fiber can handle 2.5 Gbps, or many times that when
DWDM is used. Another important issue is the use of protocols that were designed for the low latency of
the terrestrial fiber network and not the round trip delay of GEO satellites. The use of different standards
between the United States and the rest of the world is an issue for both the terrestrial and satellite facilities.
As mentioned in Chapter 4, considerable work is being directed at solving the protocol issue. The system, or
interoperability of terrestrial and satellite facilities, to form a single global network, is the subject of
numerous experiments around the world. These experiments are driven by either application and service
programs or standards and technology programs (see Figure 5.2). The experiments are listed in Table 5.1.

Application & Service-Driven SATCOM
Interoperability Experiment Programs
“Top-down”

Satellite-Terrestrial
Interoperability

“Bottoms-up”

Standards & Technology-driven SATCOM
Interoperability Experiment Programs
Fig. 5.2. Application and service programs/standards and technology programs.
The Year 2000 Problem
The year 2000, or as it is typically called, the Y2K problem, has not gone unnoticed in the satellite
community. Several transponder service providers have studied this and stated that they will not be affected.
Satellite manufacturers also believe that there are no known problems since dates are not included in any of
the onboard software or firmware. The Global Positioning System satellites are Y2K compliant and the
support systems will be compliant before 2000. If there is a satellite Y2K problem, it will probably originate
in the earth stations. Of concern is the software that controls the satellites, but this is being studied in great
detail. Another area of concern is the end user networking software. All public announcements by the
service providers indicate that they are Y2K compliant.
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Table 5.1
Experiments in Interoperability—U.S. and Europe
Technology-Driven
United States

Europe

Asia-Pacific

Canada

Service-Driven

•

GIBN

•

NYNEX API

•

COMSAT ATM

•

W-ATM

•

INELSAT ATM, SDH

•

Hughes DirecPC

•

NASA/TIA CIS

•

Sydaya Frame Relay

•

NGI

•

KA-band

•

US/Japan HDVN

•

NREN

•

GIBN

•

SECOMS

•

ESA/ESTEC CODE

•

TOMAS

•

EUTELSAT ATM, SDH

•

SINUS

•

BT SDH

•

ABATE

•

RACE Sat/ATM

•

Multiserve (GMD)

•

COPERNICUS

•

DIGISAT

•

NICE

•

ISIS

•

ACTS

•

VANTAGE

•

CSELT SDH

•

GIBN

•

Sony ATM MPEG2 DTH

•

CRL NII/GII Testbed

•

Sony MM CATV

•

CRL ultra-high speed and MM
testbed

•

AsiaSat MPEGs

•

APECAPII testbed

•

KDD ATM, SDH

•

Cable &
TCP/IP

•

BADLAB

•

Teleconferencing

Wireless

ATM,

SPECTRUM AND FREQUENCY ISSUES
Since the beginning of the age of satellite communications with the Extraordinary World Administrative
Conference in 1959 when the ITU first allocated frequencies for space telecommunications services, there
has been a continuing quest for more and more spectrum for this purpose. Almost every conceivable
approach to providing more spectrum has been used. Allocated bands have been expanded. New and higher
frequencies have been allocated. Frequency re-use by means of spatial separation, polarization
discrimination, and cellular beam patterns have been pursued, as well as closer spacing of satellites in
geosynchronous orbit. Advanced modulation, encoding and multiplexing techniques and digital processing
and compression have allowed increased information to flow through the same frequency bands.
Nevertheless, these techniques and more have still not satisfied the demand for more and more space
services of an ever increasing broadband character. The evolution of new types of orbits for commercial
satellites, (LEO, MEO, EEO (extremely elliptical orbit), inclined and polar orbits have compounded the
problem in that most of the systems tend to interfere with traditional GEO systems. Future solutions
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currently in view include much more intensive frequency re-use through much smaller and more efficient
cellular beams to achieve frequency re-uses of perhaps 50 to 100 times, allocation of more frequencies in the
millimeter wave bands and perhaps rationing frequencies by auctioning them off to the highest bidder.
Further, an international study (sponsored by Europe, Japan, the United States and Canada) has been
proposed to allocate "multi-purpose" digital bands so that broader ranges of spectrum can be used for many
types of digital satellite services rather than just one. (In practice this is already being done on a de facto
basis, but this would "legalize" this tactic to use existing bands more fully, while also developing new
"mitigation" strategies to limit interference.)
The highly technical issue of frequency allocations has a number of key political issues attached to it, as
follows:
Difference In Perspectives Between Developed and Developing Countries
Newcomers must be accommodated in the latest frequency allocation procedures, but there is still concern
among developing countries that not enough frequencies will be available to meet their future needs. Further
the needs of new LEO and MEO systems are seen as a threat to established GEO systems of developing
countries and of INTELSAT. Very expensive landing rights and licensing costs for ground terminals could
well be the consequence. Even going further, some developing countries would like to auction off future
satellite communications spectrum to the highest bidder. Since it is difficult for satellite systems to compete
with fiber optic cables, this approach could have a deadening effect on future international services via
satellite.
European Perspectives on New U.S. Backed Satellite Systems
The many non-GEO systems that are planned by U.S. backed organizations are seen as unneeded in Europe
(where terrestrial or GEO based systems are planned to meet forecast needs). This sets up a clash of
approach between the U.S. and European administrations.
Difference in Perspectives on Millimeter Wave Frequencies: The Asia-Pacific and the United States
There is a lot of skepticism in the Asia-Pacific region, and particularly in Japan, that reliable and effective
services can be provided in that region in Ka-band and above because of the very high rainfall patterns and
the attendant severe attenuation at these higher frequencies. This creates a division over the feasibility of
using millimeter wave frequencies on a global basis between the United States and Asia-Pacific countries.
In short, there is a difference of opinion as to whether new, very broadband allocations for satellite
communications should be made in these bands on a global basis.
Paper Satellites
The shortage of available frequencies and orbital slots has also given rise to filings with the ITU of so-called
“paper satellites.” These are filings which appear to lay claim to a particular band of spectrum and orbital
slots by parties who are anticipating the filings of others for these bands and slots, in the hope that they can
obtain compensation for their early filings for these resources before the actual system operators have
completed time consuming domestic procedures. There are entities in Tonga, Gibraltar and elsewhere that
have exploited loopholes in the ITU procedures in this way. There seems to be broad international support
for new “due diligence” procedures (either administrative, financial or both) that would discourage filings by
entities that do not have serious intent to deploy actual satellite systems.
Fresh Approaches for the Future
In the next five years, there will be approximately 40 meteorological satellites, 150 remote sensing satellites,
and perhaps over 1000 new communications satellite systems launched (Euroconsult 1997).
The idea that future broadband services will be met by fiber optic networks and that satellites would be
consigned to handle only narrow band services (i.e., the so-called “Negroponte flip”) is proving wrong. The
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strength of satellites to provide mobility, broadcasting services, large and distributed networks and now
bypass services that jump over the non-economic “last mile” suggests that tremendous additional demand for
spectrum for the 21st century will only accelerate. Creative new approaches on how to meet this new
demand (i.e., multi-purpose frequency allocations for digital satellites) deserve high level support and new
collaborative strategic planning on an international scale.
ESSENTIAL PUBLICALLY FUNDED SPACE SERVICES
Great emphasis has been placed on commercialization of most satellite applications over the past decade. Of
the nearly 1200 planned remote sensing, meteorological, and communications satellites to be launched in the
next five to six years the overwhelming percentage of them will be commercial systems. Nevertheless, the
bulk of systems planned for navigational services, search and rescue, meteorological and emergency services
as well as defense communications and surveillance satellite systems will be publicly funded and operated.
There are continuing discussions within the context of the Japan-U.S. Science, Technology and Satellite
Applications Program of possible joint or international collaboration on such projects as emergency and
disaster warning and relief satellites, earth observation, or teleeducation and telehealth satellite networks. It
might be productive if future discussions about the ultimate institutional reform and restructure of
INTELSAT and Inmarsat could somehow be linked to future discussions of provision of essential public
service via national governmental agencies.
INSTITUTIONAL ISSUES AND PROGRESS ON THEIR REFORM AND MODIFICATION
At the onset of satellite communications the global community in August 1964, after fierce negotiations that
lasted two years, agreed to come together and create a "single global communications satellite system" that
became the INTELSAT system. This outcome was even at the beginning an uneasy consensus. France had
favored three regional systems. The countries of Europe insisted that the INTELSAT agreement be only a
five year interim arrangement so that a system with more distributed and international ownership,
management and control could be created after experience had been gained. The longer term arrangements
of INTELSAT that entered into effect in 1973 were indeed much different. An international Executive
Organ, headed by an internationally selected Director General provided the management of the INTELSAT
system. U.S. ownership decreased to some 24% and U.S. management and R&D activities transitioned to a
minimal level in only a few more years. As the INTELSAT system continued to grow and expand, many
people began to think about new approaches to providing regional and international services, and on a
competitive basis. At the time that the United States was proceeding with the divestiture of AT&T and
creating domestic competition, similar ideas burst forth in the early 1980s on the international scene.
Proposals for a number of different types of satellite systems began to emerge at the very start of the 1980s.
First, there was the formation of Inmarsat (headquartered in London, U.K.) to provide maritime mobile and
then aeronautical mobile satellite services. Then there was the European Telecommunications Satellite
Organization (EUTELSAT) (headquartered in Paris, France) and the Arab Telecommunications Satellite
Organization (Arabsat) (headquartered in Riyadh, Saudi Arabia). Next came the proposal to use the Palapa
Indonesian Satellite System to provide regional services in the Asia-Pacific region. Then, in 1984, began a
blizzard of proposed competitive international satellite systems such as Orion, ISI, Panamsat, Pacstar, etc., as
well as proposals to extend domestic satellite systems to provide regional servicesBSB (U.K.) and Astra
(Luxembourg)for all of Europe, Australia for the South Pacific, Japan for the Asia-Pacific, etc. As these
competitive systems were gradually authorized under specific guidelines to compete with INTELSAT, the
need to restructure INTELSAT for the 21st century in terms of technology, service offering and charging
mechanisms became clear. The idea of restructuring INTELSAT in a similar manner to that followed within
Inmarsat (namely to spin-off a new commercial entity with a profit motive and charging flexibility) was
actively pursued and particularly backed by the U.S. government and COMSAT. By the spring of 1998 it
was agreed by the INTELSAT organization that six of its satellites would be sold off to a “New Skies” entity
formed in the Netherlands to provide new video and data services. Further, there is a continuing effort to
fully privatize both INTELSAT and Inmarsat so that they would become fully competitive. This is now
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expected to occur in the early 21st century. Even now the restructuring of INTELSAT has allowed Hughes
Galaxy/Panamsat to achieve larger revenue than either “New Skies” or the residual INTELSAT organization.
TECHNOLOGY TRANSFER
In some countries industry and governmental officials believe that, in addition to satellite systems being sold
by U.S. commercial suppliers, there should be carefully devised programs for technology transfer.
Particularly in Korea, the perspective was that of industrial participation in the design and manufacture of
new satellite systems that Koreans were buying or for which they were providing major capital investment.
Limits on the nature, type and application of technology transferred under such programs under U.S.
government arms and trade control procedures were seen as too restrictive. The clear implication was that
choices as to participation in future international programs would depend on how restrictive the technology
transfer procedures were vis-a-vis Europe, Japan or the U.S. and Canada.
INDUSTRIAL PATTERNS OF CHANGE
Clearly, the increasingly competitive satellite communications and space applications businesses have
resulted in a push toward creating more cost efficient satellite manufacturers. This is exemplified in the
United States by the consolidation within Lockheed Martin of RCA, GE, parts of Loral, Martin Marietta and
Lockheed; and the consolidation within Boeing of Rockwell and, in time, McDonnell Douglas. On the
European side, Matra Marconi appears likely to consolidate with Daimler-Benz and may possibly acquire the
tube division of Thomson. (Should this happen it would create a full service satellite communications
manufacturer with nearly 8,000 employees and complete manufacturing, assembly, and testing facilities.)
Other forms of consolidation, however, do not appear to be contemplated in the near term. In Japan, further
consolidation does not seem to be contemplated, but there appears to be increased focus on specialization
with various companies, such as NEC on ground antenna systems, Toshiba on large structure antennas, and
Mitsubishi on integration and testing of spacecraft. In contrast to this trend toward either specialization or
large scale consolidation, Hyundai, in Korea, is seeking to become capable of complete design, manufacture,
assembly and test of entire satellites.
On the launch vehicle side, the effort to create more cost efficient launch vehicles continues. Arianespace's
37th consecutive successful launch and its capture of over half of the total commercial satellite launches
establishes it clearly as the world leader. In Europe and Japan there are clearly defined and integrated single
entities (namely Arianespace with its latest hopes riding on Ariane 5 and NASDA with its future based on
the H class of rockets). These organizations appear well positioned for the next century although there is a
need for increased cost efficiency out of the Japanese launch systems and this might accelerate efforts to
combine NASDA and ISAS and their launcher development programs. Russia and the Ukraine to not show
moves toward consolidation. In fact, several entities are now offering launch services (and significantly
INTELSAT has committed its INTELSAT IX satellite program to a Russian launch).
The United States has a variety of start-up and established commercial launch providers, with the U.S.
Alliance perhaps offering another option for "excess capacity" launch of commercial systems. Meanwhile
China and India offer a range of launch capacities and these are not likely candidates for international
consolidation in light of national defense considerations. Finally, Korea, which is just beginning to explore
medium to small class LEO launch systems, completes the picture. This picture is at once multi-national,
complex, and still to be clarified. At this point the launch systems appear to be more and more commercial
and competitive, but nevertheless not optimized nor consolidated so as to achieve maximum cost
efficiencies. In light of national defense considerations and "national standard bearer" issues, further
consolidations do not seem likely, at least in the near term future.
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PROPER ROLE OF GOVERNMENT IN FUTURE SPACE COMMUNICATIONS
DEVELOPMENT
One of the most difficult questions to answer is that of what should be the role of national governments in
the development of new satellite technology and systems. There have been several schools of thought for
some years on this subject. One school holds that satellite communications have become commercially
viable and that industry should now be expected to finance the future technology needed to succeed in the
21st century. The second school holds that space communications is the only truly successful space
enterprise (likely to grow from today’s $20 billion/yr. to perhaps $75 billion/yr. over the next eight years).
This suggests that one should invest where the pay-offs will come and to help spur the next big
breakthroughs in satellite technology and systems. (In the vernacular this is the Willie Sutton principle: "I
rob banks because that is where the money is.") Finally, there is a third school that says commercial money
can develop the commercial technology, but for key emergency and public program services such as health,
education, etc., special systems technology to fill special niches may make sense. Today, Korea and Japan
are generally following the second school of thought of investing in the most rapidly growing market. India,
China, Canada and Brazil are shaping space technology to meet public social needs as in the third school of
thought but hoping for future commercial pay-offs as well. Finally, the United States and Europe’s publicly
funded space communications sector are tending more toward the idea of letting industry develop new
technology.
It is the view of the panel that there is, in fact, good sense to all three schools of thought. In short, a
balanced viewpoint or perspective is needed. As noted earlier, what might be very useful would be the
counterpart of the Japanese Vision 21 document (MPT 1997) which is a broad roadmap to the future. This
plan, which was independently developed by industry and policy officials, establishes information and
telecommunications goals for the future of Japan and tries to see where gaps, overlaps and opportunities for
the future may lie in terms of applications, services and technology. A NASA white paper on satellite
technology, which clearly indicates a new consensus with regard to satellite communications, would be
extremely helpful. This document would simply indicate after extensive national collaborative input: (a)
technologies, systems and services which it is believed that industry can develop on its own; (b) technology,
systems, and services where it is believed that governmental or collaborative government/industry/university
or international collaborative projects are appropriate and needed (this should logically be reviewed and
vetted by industry and university representatives); and (c) technology systems and services which may be
needed to fill special niches with respect to public social needs and/or emergency services. No such clear
roadmap currently exists.
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CHAPTER 6

INTERNATIONAL COOPERATION AND COUNTRY-BY-COUNTRY
ASSESSMENT
INTRODUCTION
The preceding chapters of this report have presented overall findings and documented trends, based on the
accumulation of information from the individual site visits that were conducted during the study. As has
been shown, there are global trends in the satellite communications industry, and there is, in fact, a
globalization of the industry, both in terms of the increasingly international arrangements among suppliers
and service providers, and in the plans and ambitions of the users of communications services. This said, it
is also true that there are national and regional trends that are sufficiently different, one from another, to
deserve attention. This chapter examines such regional and national differences, in terms of technological
capabilities and potential business opportunities and aspirations.
CANADA
Overview
Canada takes advantage of the ability of satellites to provide communications throughout a country that is
composed of both high and low density population centers. While most of the population is located near the
southern border, and this population is served well by conventional terrestrial and cellular communications
techniques, the people in sparsely populated vast northern parts of the country use satellites for much of their
communications. Canada was the third country in the world, after Russia and the United States, to design
and build its own satellite. With the launch of Anik 1 in 1972, Canada became the first country in the world
to have a commercial geostationary communications satellite network. Telesat, the national satellite
communications company, was established in 1969 and provides telecommunications, TV broadcast
distribution and business communications services throughout the country. Telesat continues to be on the
forefront in the use of the most technologically advanced satellites, as evidenced by its March 1998 order
from Hughes of a satellite with 48 Ku-band and 38 C-band transponders, having a footprint that covers both
North and South America. Teleglobe Canada is Canada’s overseas telecommunications carrier and is a
member of INTELSAT and Inmarsat.
The panel visited three Canadian communications satellite facilities: the Communications Research Center
(CRC) in Ottawa; SPAR Aerospace, located near Montreal; and COM DEV, located near Toronto. CRC is
Canada’s leading communications research facility. The primary focus of the satellite communications
systems research program is on long-term planning. CRC has a close liaison with Canadian industry and
universities. Its R&D program includes the following studies:
•

30/20 GHz band for advanced services, with studies of both systems and earth terminal concepts. CRC
representatives believe that Canada will become a large user of satellite Internet based services

•

onboard signal processing technology studies

•

mobile communications work

•

modulation, coding and multiple access technology
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The WTEC study team had stimulating discussions with CRC hosts on the systems concepts for Internet
services and on satellite-terrestrial interoperability issues, and visited a laboratory involved in addressing
these interoperability problems. CRC has an active, impressive R&D program that emphasizes satellite
system issues.
SPAR is Canada’s largest private space company, and has been the integrator for numerous R&D projects
including Ka- band data delivery systems, antennas, rf products and onboard processing. It is a leader in
large and phased array antennas and supplies them to several large spacecraft manufacturers.
COM DEV is a rapidly growing company, with a focus on supplying parts and sub-systems to the major
global manufacturers of spacecraft. Company representatives recognize that these manufacturers are
increasingly purchasing these items from other companies that supply these items at low cost, high reliability
and on schedule. COM DEV specializes in the sale of surface acoustic wave (SAW) based filters,
processors, switches, antennas and integrated multiplexer (MUX) and demultiplexer (DEMUX) equipment.
Also, they work closely with their customers to develop customer specific products, one example being the
intersatellite link antennas for Iridium. Their R&D program includes work on antennas, multiplexers, SAW
based processors and filters, high temperature superconductor filters and multiplexers and proprietary
software for in-house computer assisted design (CAD).
EUROPE
Overall Assessment
1992 vs. 1997
The scientific, technological, and manufacturing capabilities of the European Union satellite
communications industry were impressively strong in 1992 and remain so in 1997/98. Like their U.S.
counterparts, European companies are consolidating into a smaller number of larger but more streamlined
organizations with major emphasis on the bottom line.
In 1992 the panel was impressed with the EU’s systematic approach to research and development through
large flight programs managed or coordinated by ESA. European industry could count on a series of
experimental spacecraft that would take a technology like L-band mobile communications from proof of
concept tests through early commercial service. Since 1992 the world market has changed drastically, and
what may be the last spacecraft (ARTEMIS) in the distinguished line of European research satellites is now
under construction for launch in 2000. Reflecting the market changes, ESTEC has developed a remarkable
flexibility in working with member states and industry to accomplish R&D in a timely manner. The goal is
to develop satellite technologies and applications that will help European industry compete in the world
market. A multiplicity of small ESA programs is replacing efforts centered in large spacecraft.
When the 1992/1993 WTEC panel conducted its site visits, European hosts were generally skeptical about
low earth orbit (LEO) systems like Iridium and Globalstar. Some of this skepticism extended to proposed
geosynchronous earth orbit (GEO)-based systems as well. In 1997 the European attitude had changed
completely, and EU companies now manufacture satellites for Globalstar and aggressively pursue a variety
of systems for providing satellite service to hand-held terminals.
Key Conclusions
The European satellite industry is quite competitive and will remain so. As with the rest of the world,
emphasis has shifted from large, one-at-a-time satellite systems to multi-satellite constellations and
production-line manufacturing. R&D efforts focus on particular technologies like optical intersatellite links
(ISLs) and on new services like on-board multiplexing of digital TV transmissions.
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Key Trends in Technology (payload technology, bus and structures, ground segment/ user terminal and
launch systems)
European industry is quite competitive in almost all aspects of current satellite technology. For future
applications, the strong European programs in optical ISLs that the 1992 panel noted continue in 1997. The
ISL program combines both ESA and national efforts, with ESA focusing on data relay satellites and
terminal development and national efforts focusing on terminals. SILEX LEO and GEO flight models will
be launched in 1998 (SPOT-4) and 2000 (ARTEMIS). Oerlikon-Contraves was scheduled to complete
breadboard models for high data rate (greater than one gigabit) 6,000 km range LEO-LEO terminals in mid
1998.
Research Priorities and Key Development Objectives Including Experimental Satellite Programs
Developing a European version of global positioning system (GPS) is a clear research priority. So far
European efforts have concentrated on enhancements to GPS to achieve the positioning accuracies needed
by commercial aviation. This effort includes demonstrations. A direct GPS replacement is in the talking
stage, however, nobody believes that the funding for such an endeavor will be found in the next several
years. European industry representatives are acutely aware that they have missed the boat on the GPS
ground receiver business.
The French national program to build and launch (in 2000) the STENTOR spacecraft is perhaps the only
new large European experimental communications satellite program since the 1992/1993 report. Like
ACTS, STENTOR demonstrates both technology (transponders and antennas) and applications (onboard
multiplexing of digital TV channels). The spacecraft will carry both very wideband transponders based on
monolithic microwave integrated circuit (MMIC) technology and selectable bandwidth transponders
incorporating SAW filters. Its antennas include both a direct radiating phased array (48 subarrays, each with
its own PA, and 3 independent beams) and an ultra-lightweight 2.4 m deployable reflector.
Governmental Policies: Competition, Trade, Spectrum and Standards
The inherent global coverage of LEO systems and the many proposals for satellite based multimedia service,
together make spectrum a divisive issue between competing U.S. and European satellite builders and
operators.
Many of the U.S. plans for future satellite services are based on projections for continued growth of the
Internet and for need of new Internet-like services. The rise of the nearly free-for-all Internet in the United
States is somewhat foreign to the European sense of order and standards, and some of the controversy about
an International Telecommunication Union (ITU) role in regulating the Internet may affect the satellite
industry
New Facilities, Installations and Satellite Communications Infrastructure
The EU is very much a part of the transition of satellite manufacturing from a one-of-a-kind process to an
automobile-industry-like assembly line. Alenia Spazio, for example, has built a state-of-the-art facility for
integrating and testing the Globalstar spacecraft. This facility and the experience gained will put Alenia in a
strong competitive position for building other LEO constellations.
Commercial Objectives/Alliances/Partnerships
The continued consolidation of the European aerospace industry across national borders has re-energized a
number of companies. The panel noted a feeling of excitement that was absent in 1992/1993.
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JAPAN
The United States and Japan control some 40% of the world’s economy. During the last five years, the U.S.
economy has been steady and except for export ratios has shown healthy trends. There has been excellent
growth in satellite communications manufacturing, systems and services. Japan’s economy has slowed
during the same period, and the export of satellite components, systems and services is suspected to be short
of its predicted goals. Certainly, pressure from U.S. trade delegations to restrain exports has taken a toll on
satellite communications exports. The export trade ratio will continue to be a problem and Japanese satellite
vendors are looking to non-U.S. markets especially the Pacific Rim and Asia, for new growth. Japan’s
overall space budget has been saddled by a major commitment to an International Space Station module
(JEM), and higher than expected costs for the H2 launch system. These space commitments have reduced
the amount of funds the government may appropriate for new experimental satellite communications and for
smaller space science projects. However, the government’s priority is very clear between these two areas.
NASDA and ISAS budgets were reduced for a number of space science projects including an earth
observing satellite while two communications programs: the Optical Inter-orbit Communications
Engineering Test Satellite (OICETS) and the Data Relay Test Satellite were given increases of 35% and
43%, respectively. Also, continued support is being given to the Communications and Broadcast
Engineering Test Satellite (COMETS) program and R&D is approved for a new gigabit satellite. The U.S.
space program does not show the same priority or support for satellite communications.
New Technological Areas
Japanese companies were the first to promote the integration of computing and communications and are
leading the U.S. in the integration of these technological areas. Japanese companies have a good
understanding of the burgeoning multimedia market and are adjusting priorities and conducting R&D to
serve this market. For example, NTT is dedicating laboratory groups to multimedia research with new
multimedia development centers and laboratories. Japan is a global leader in the development of advanced
microwave devices and components for satellite payloads, including: MMICs, solid state power amplifiers
(SSPAs), high power GaAs LSIs, and traveling wave tube amplifiers (TWTAs), especially the 23 GHz
TWTA being developed for COMETS.
Information on New Experiments
OICETS is moving ahead with increased support. Japan’s interest in the development of advanced space
laser communications technologies was reflected in a world-class “Topical Workshop on Space Laser
Communications” held March 1997 at the Communications Research Laboratories outside Tokyo. The
world’s experts in laser communications attended this conference, and while Japanese and European
participants talked about satellite hardware and new experiments in laser communications for commercial
development, the U.S. experts discussed a long range plan to develop a (lasercom) roadmap for the “Mission
to the Solar System.” In addition to ETS-VIII, and COMETS, research has been approved on a proposed
new gigabit satellite. The Ministry of Posts and Telecommunications is accelerating plans to launch a high
data rate communications satellite. Research findings are concluding that the high data rate market needs
satellites to be integrated with optical fibers, thus this gigabit experimental spacecraft may be launched in
2002 or 2003 instead of the 2005 date initially proposed. The Ka-band satellite will have 3 meter diameter
dish antennas and will have coverage zones from Northeast Asia to Australia and Hawaii.
New Alliances and Partnerships
The initial alliances of U.S. companies Loral and Hughes to supply spacecraft for and have some ownership
or equity in Japan Satellite Systems Inc. (JSAT) and Space Communications Corp. (SCC) seem to have
ended. Both Japanese companies, JSAT and SCC, are now wholly owned by Japanese companies and show
signs of being competitive in purchasing new systems and equipment. A new working relationship between
Mitsubishi Electric Corporation (MELCO) and Lockheed Martin has recently been established, and this
certainly increases the capabilities of both companies.
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New Industrial Capability
In the privatization of Japan’s communications companies, the government is using funds that it is receiving
from these privatization transactions to fund new laboratories and support new industrial capability. The
modern, new NTT laboratories are an excellent example of this wise policy.
R&D Priorities
In brief, the following seem to be current Japanese R&D priorities: multimedia, mobile communications,
laser communications and high data rate communications satellites.
Conclusions
The downturn in Japan’s economy has hurt the funding of new space experimental programs. While U.S.
companies are still the largest market for satellite components and devices, the large Japanese space
companies are looking to Asian and Pacific Rim countries for new markets for systems and services.
MELCO has announced its desire to be the prime contractor for a commercial communications satellite for a
non-U.S. customer, and in the next five years we should see a number of Japanese companies or consortia
compete in the international marketplace for complete spacecraft. However, U.S. companies also plan to
become more competitive in these same five years, and are showing new robustness that should make this
international competition attractive to communications providers.
RUSSIA
Introduction
Russia was the first nation in space and has launched the largest number of satellites to date. In the early
days of international satellite communications, Intersputnik was considered to be a rival of INTELSAT, and
Soviet expansion plans for space were very large. But with the dissolution of the Soviet Union and the end
of the Cold War, major changes in the space program have occurred. The Russian Federation of states now
must concentrate on the transition from socialism to capitalism.
The expansion and globalization that is taking place in satellite communications would seem to make an
ideal situation for cooperative ventures by the competitive companies of the West and the former Soviet
space institutions. While this cooperative process is taking place, it is slower than predicted by the WTEC
survey of five years ago. The reasons for this are not entirely clear. Some of the early ventures, such as
Rimsat, failed because of the lack of good business standards, and a misunderstanding on the part of the
Russians of the importance of good contracts, with well-defined deliverables. Also, the building of a capital
system with entrepreneurial spirit, legal expertise and good marketing practices takes more than a decade.
The new Russian Federation drastically cut defense and space funding, which has thrown the space industry
into disarray. For example, the current wages of a Russian senior spacecraft engineer are approximately
$100 per month, forcing these individuals to drive taxis and find other types of work to support their
families. These types of disruptive forces make the privatization process more difficult.
Technologies
The levels of technologies in current Russian communications satellites are largely five to ten years behind
Western standards with a few notable exceptions in bus technologies. These exceptions are primarily in
antenna systems and guidance and control with the use of ion plasma thrusters. The Moscow Aviation
Institute (MAI), Krasnoyarsk and Cometa Site Reports in Appendix B provide more details on these specific
technologies. In the area of communications payloads, the Russian components are heavier and less reliable
than their Western counterparts, so the new joint venture projects that are taking place between Russian and
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Western companies are seeing Western payloads being mated with Russian platforms and then launched
with Russian Federation vehicles.
Joint Ventures
Lockheed Martin Intersputnik
The largest strategic joint venture is the U.S. Lockheed Martin company forming a new venture with the
Intersputnik organization of Moscow. The new company named Lockheed Martin Intersputnik (LMI) will
base its operations in London and is building one new, largely Lockheed Martin, satellite with a mix of 44 C
and Ku-band transponders, with discussions on building an additional spacecraft every year for the next two
or three years. The current Intersputnik market is small by INTELSAT standards with 22 primarily small
member nations such as Cuba and Vietnam; however, the organization holds 15 or more orbital slots and this
should allow LMI to eventually compete with INTELSAT and the Hughes/PamAmSat international venture.
The LMI organization is an additional positive move by Lockheed Martin as it had earlier concluded a joint
venture with Khrunichev and the RCS Energia organizations to further develop and market the Proton
launch vehicle.
Yamal/GasCom
A second joint venture with joint technical development is Loral Space and Communications and a Russian
customer RAO Gazprom, the large Russian energy company. The joint venture also includes NPO-Energia
as the prime working with NPO/PM. The partnership is finishing the building and testing of two Yamal
satellites that will include SS/Loral payloads with NPO/PM buses. The satellites were being integrated and
tested by NPO/PM in Zheleznogorsk, Siberia and are planned to be launched in late 1997 on a Proton
booster. The modest 10 C-band transponder satellites will give the Gazprom entity needed communication
for the many new petroleum and natural gas fields that are being developed within the Russian Federation.
The joint venture partners are also looking to provide the communications market, especially the developing
countries, advanced Yamal satellites that can provide a mixture of 20 to 40 C and Ku-band transponders.
The simple Yamal design, combined with low cost integration by NPO/PM and a modest cost launch by a
Proton booster, will make this a very competitive package.
Conclusions
The former Soviet Union had a large and formidable space enterprise. For many years, there would be a
Russian spacecraft of some type launched every week. The Russian launch capability is still vital and with
Western marketing is very competitive. Today’s Russian Federation has an enormous supply of spacecraft
designers, engineers and technicians. Unfortunately, these well-educated and trained individuals are now
largely out of work. To keep some semblance of a work force, the pay scale for most of these engineers
varies from $100 to $200 per month, barely a subsistence wage. Many of these individuals must have other
types of employment to support their families. The joint ventures between the Western companies and the
many Russian space entities are taking a longer time than had been generally predicted. The level of Russian
space technologies is behind those of the West, with the exception of a few spacecraft bus and launch
technologies. It is especially true in the payload areas where the components are heavier and less reliable
than their Western counterparts. However, well educated, low cost labor with a strong launch capability, and
new joint ventures, will provide many new business opportunities for the Russian space companies of the
future.
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UNITED STATES
Overall Country Assessment
1992 vs. 1997
This panel was not tasked to evaluate the U.S. industry as part of the first study in 1992. Consequently
knowledge resulting from the professional careers of the panel members was used in this comparison. In the
late 1980s there was an impression in the satellite industry that fiber optical cables were going to swamp the
communications market and no major place for satellites except perhaps for TV broadcasting was foreseen.
There was doubt that all major U.S. satellite players would survive the near future. Since then, the cellular
avalanche has changed the landscape and convinced people that there is a place for satellites in the mobile
market. In particular, Motorola has acted on this belief and set the Iridium system in motion. In doing so
many others were drawn along.
Today, the satellite industry in the United States has gone through some mergers and consolidation and
appears healthy. The trend to merge may not have quite run its course and may also involve companies
outside the United States. In addition a number of new players such as Motorola and Boeing have come on
the scene and Orbital Sciences Corp. (after acquiring the satellite operation of CTA) is focusing on the small
GEO and LEO satellite market.
Satellite manufacturers have also embarked on vertical integration. For instance, Hughes is providing
entertainment distribution services and is a spacecraft manufacturer. Similarly, other manufacturers have
aligned themselves with telecommunications operators. In general, there is a trend towards convergence of
broadcasting and telecommunications; the service distinctions of the past are being washed out.
As the GEO orbital arc is filled with C and Ku-band satellites, frequency spectrum is seen as the principal
entrance ticket to additional future markets. Starting with Teledesic, there has been a rush of filings and
alliances (not always backed by sound business plans) to keep a foot in the door and possibly preempt the
competition from using spectrum. It is questionable how soon some of these filings will be translated into
hardware and commercial systems. A critical datum will be the degree of initial commercial success in
satellite mobile systems (especially Iridium and Globalstar); much will depend on early success of these
ventures.
The center of gravity of satellite telecommunications traffic has changed from telephony to television
distribution (first to cable heads, now directly to the consumer). Another new factor (since 1992) boosting
the U.S. satellite industry is the explosive growth of the Internet and associated multimedia computer
applications. This has brought new players like Bill Gates and new companies like Teledesic into the
satellite business and created a great deal of commercial interest in new applications. The Internet boom
began in the United States, and the United States retains a lead in the associated hardware and software.
Should the current explosive growth of Internet services continue, satellites will be able to able to attract a
substantial market share especially with services directly to the consumer (using similar infrastructure as
television distribution, established transmission path, billing, customer care, etc.). The United States will
have a substantial advantage here, as the business culture is much more attuned to the market than in Japan
or Europe.
Key Conclusions
Key findings of the WTEC panel’s assessment of the U.S. satellite industry include:
•

the state of the U.S. satellite industry appears healthy and the outlook for the next few years is good

•

there is no plan for funding of long-term R & D to benefit the satellite industry

•

the"strongest" will win the battle for spectrum
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satellites will become a commodity and will be manufactured by methods similar to aircraft and
automobile production

Key Trends in Technology
The size of GEO satellites continues to increase; incremental improvements are foreseen in bus design (in
particular thermal control) to allow use of prime power beyond 10 to 15 kW. Such satellites with onboard
processing will offer mesh connectivity from one telephone handset to another telephone handset.
Phased array antennas are now used in several satellite designs; onboard processing and intersatellite links
(ISL) are taking their first commercial steps.
Digital beam forming for phased array antennas with many beams is now an attractive option and will be
used in the ICO satellites. If this is successful, many more such systems will follow.
ATM switches in the satellite are under development.
The trend to use higher frequencies (Ka-band and V-band) will continue, although perhaps not as fast as
assumed in various filings.
Electric propulsion will be used extensively by most U.S. satellite manufacturers.
Research Priorities and Key Development Objectives Including Experimental Satellite Programs
In general, U.S. industry will fund research in areas where the commercial payoff is near term (a few years)
or where satellite manufacturing costs can be saved. No clear consensus of the U.S. industry on research
priorities and development objectives was apparent. Each company will do whatever it sees as necessary to
stay in business and make a profit. Development decisions are governed many times by short-term financial
considerations. The panel noted a few hints of long-term business plans that include technology roadmaps at
only one or two companies.
With exception of the long delayed ACTS experimental satellite that is still providing excellent service for a
number of experiments, and is planned to continue operations until September 2000, there is no experimental
communications satellite planned in the United States.
Governmental Policies: Competition, Trade, Spectrum and Standards
The U.S. government continues to foster competition among service providers and satellite manufacturers.
Regulation of the satellite telecommunications industry is spread over several agencies, making it difficult to
get consensus on policy.
U.S. industry would prefer a more streamlined way to allocate spectrum.
New Facilities, Installations and SATCOM Infrastructure
Some satellite manufacturers have established new ways of assembling satellites with methods borrowed
from the automobile industry. Even the production of large GEO satellites has been streamlined by several
manufacturers. For instance, after the Lockheed - Martin Marietta merger, commercial spacecraft building
was consolidated in a large new facility in the San Jose area and payload development and manufacturing
was moved into a new facility in Newtown, PA.
In general U.S. industry invests in new facilities when business demands indicate the need.
The U.S. satellite communications infrastructure is strong in many areas; many small companies
manufacture parts essential for communications satellites.
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Commercial Objectives, Alliances, Partnerships
Multinational partnerships including U.S. companies are now much more prevalent than five years ago.
Alliances have roots in financial advantages for partners.
INTERNATIONAL COOPERATION
Introduction
The benefits of satellite communications are by their nature multinational, with a spacecraft in geostationary
orbit able to provide signals to over one third of the earth. It was the prospect of using satellites for the
distribution of international communications and information that caused President John F. Kennedy to sign
the Satellite Communications Act of 1962. This act established COMSAT and called for the establishment
of INTELSAT, an international organization open to all nations that are members of the ITU.
International Organizations
INTELSAT initiated an international research and development program that assisted a number of
companies with the development of new components and systems that would find their way into the next
generation of spacecraft or ground terminal. This international R&D program was instrumental in initiating
a large number of cooperative ventures not only in the development of products but also in the testing and
demonstration of these products with new applications such as telemedicine or tele-education.
INTELSAT is supportive of new development activities and signatories can request satellite time for tests
and demonstrations. Normally, satellite time can be obtained on older spacecraft that are used for backup or
on transponders that are set aside for cable restoration. Many of the cable restoration transponders have high
data rate modems that operate at140 Mbps or 155 Mbps that matches the current cable OC-3 standard.
These transponders are useful for testing and introduction of high data rate applications. The use of these
transponders is always conditional, and if a cable should need to be restored, the transponder is switched
automatically.
Inmarsat was instituted to provide more reliable mobile maritime services and has served that market well.
With its small, portable ground terminals, Inmarsat has also provided global communications to land users,
especially users in remote areas where traditional terrestrial communications are not available. Inmarsat has
provided the disaster mitigation community with communications coverage that has proven to have saved
many lives. International tests and demonstrations with the current small (suitcase) sized terminals are still
taking place.
Intersputnik was also supportive of international cooperative ventures and many of its 22 member nations
have used the system for development activities. Lockheed Martin has recently invested in the ownership
and operation of Intersputnik and has formed a more commercial looking organization with new offices in
London.
New LEO consortia such as Iridium and Globalstar will have excess capacity in the formative stages of their
constellations, and with their ability to operate with very small (handheld) ground terminals, opportunities
should be available for international cooperation in the testing and demonstration of new applications and
services.
Regional Organizations
International cooperation in satellite communications is also seen in the number of regional satellite
communications organizations. The Arabsat organization is made up of some 20 nations and has two active
satellites. Palapa covers the ASEAN nations with Pacific and Indian Ocean coverage. EUTELSAT provides
its European member countries with commercial satellite services. Turksat has designed its coverage to

128

6. International Cooperation and Country-by-Country Assessment

include many neighboring nations around the Black Sea that share certain cultural backgrounds. Also, area
coverage has been designed into the Turksat spacecraft to provide programming to the large Turkish
working population in Northern Europe. These and other regional satellite organizations provide many
nations with the opportunity to cooperate and to participate in the development of new communications and
information applications.
Experimental Satellites
A number of experimental satellites have fostered and promoted international cooperation. The U.S. series
of Applied Technology Satellites was credited with opening many new satellite communications applications
and markets. This series was followed by the Canadian-U.S. Communications Technology Satellite in the
mid-1970s. Europe has provided a number of experiment satellites including the first Ka-band satellite, the
ESA Olympus spacecraft. Italy has two Ka-band satellites integrated with its telephone infrastructure,
ITALSAT F1 and F2. Japan has developed the most ambitious series of experimental satellites. The
experimental satellite program began in the 1960s and there are plans for new spacecraft through the first
half of the next decade.
United States—Advanced Communications Technology Satellite (ACTS)
The ACTS satellite was launched in November 1993, after some ten years of development. It is currently
scheduled to operate through the summer of 1998 with full onboard station keeping and through the summer
of 2000 with increasing north/south spacecraft variation caused by the lack of fuel. The ACTS program has
met all of its technology and experiment goals. The Ka-band satellite has provided extensive T-1 VSAT
experiment applications for fixed and terrestrial applications as well as mobile applications for trucks, ships
and airplanes. The spacecraft can provide nearly a gigahertz of spectrum per transponder and thus can easily
support multi-gigabit high data rate applications. International cooperative experiments have taken place
with Canada, many Latin American nations and Japan using ACTS and INTELSAT satellites together. It is
noteworthy that no U.S. experimental communications spacecraft are planned after ACTS.
Japan—Engineering Test Satellites (ETS), Gigabit Satellite, OICETS
Japan has designed and developed an ambitious series of experimental satellites. ETS V launched in the late
1980s was very successful in developing advanced applications that had commercial benefits. While the
ETS VI satellite, launched in 1994, did not make the proper orbit, it was still useful in completing many of
its planned experiments. Japan cooperates with many of its neighbors in its experiment program, and as the
ETS VI satellite was in a circular orbit, it allowed both the United States and Japan to conduct optical
experiments with the spacecraft. Japan has a number of additional planned and proposed experimental
communications satellites including ETS VIII, a “gigabit” satellite and OICETS, an inter-orbit optical
spacecraft that will work with the European SILEX optical terminal on the ARTEMIS spacecraft. These
satellite programs should allow for additional international cooperation well into the next decade.
Europe—ITALSAT F2, ARTEMIS/SILEX, STENTOR
Europe has cooperated primarily through its ESA programs, but also has a number of national and
multinational experimental satellite communications projects outside of ESA. ITALSAT F1 and F2 are
currently providing tests and demonstrations in Europe. ARTEMIS, an advanced relay satellite, will carry
the optical experiment SILEX that will advance optical communications from LEO to GEO and from GEO
to earth. The STENTOR program is a French national program, but will undoubtedly involve other
European countries in its test program.
G7 Information Society
The expansion of digital technologies and the growth of information services in the 1990s saw the
introductions of high performance computing and communications initiatives in a number of developed
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nations. In the United States, a “National Information Infrastructure” was initiated to direct, promote and
integrate the synergy of new information technologies and services.
Noting that these new information services were not reaching the developing nations, Vice President Gore,
during a speech to an ITU regional meeting in 1994 in Buenos Aires, Argentina, announced that the United
States would share its information technologies with the world, and advocated that a “Global Information
Infrastructure” be formed. This announcement was carried into action at a G7 meeting in 1995 in Brussels,
where an Information Society Program was approved by the G7 ministers and eleven new information
project areas were instituted. These eleven projects are as follows:
1.

Global Inventory

2.

Global Interoperability for Broadband Networks

3.

Cross-Cultural Education and Training

4.

Electronic Libraries

5.

Electronic Museums and Galleries

6.

Environment and Natural Resources Management

7.

Global Emergency Management

8.

Global Healthcare Applications

9.

Government Online

10. Global Marketplace for SMEs
11. Maritime Information Systems
Global Interoperability for Broadband Networks
The Global Interoperability for Broadband Networks (GIBN) Project came out of the realization that the
rapid growth of high data rate computing and communications networks was leading to the development of a
new set of standards that were not compatible with other national and international standards. Also, these
largely terrestrial new standards were not compatible with existing satellite standards. The purpose of the
project is to facilitate the establishment of international links among existing high-speed data networks.
These networks will serve as test beds for a wide variety of applications including research and education.
The GIBN project will provide an opportunity to experiment on interconnectivity and interoperability and
cooperate in establishing standards. This project will also provide a basic broadband infrastructure for the
other ten project areas in the G7 Information Society Program.
G7 GIBN representatives from Japan and the United States were quick to promote the use of satellite
communications to the project and organized a kickoff conference in 1995, in Hawaii, called the Satellite
Communications in the Global Information Infrastructure (SCGII) conference.
Satellite Quadrilateral Working Group
At the conclusion of the SCGII Hawaii conference, Japan hosted a meeting of government, industry and
academic representatives from Canada, Europe, Japan and the United States. The outcome of that meeting
was an agreement to form a special satellite working group of the GIBN. This became the Quadrilateral
Working Group (Quad) that has been recognized by the G7 GIBN committee to coordinate and provide
satellite communication experiments and activities for the committee. While the Quad members initially
represent the G7 nations, project activities and experiments are open to all nations. The Quad initially
identified more than ten satellite communications experiments that it would strive to develop and
demonstrate.
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Trans-Pacific High Definition Video Experiment
The first Quad experiment, consisting of high definition video being transmitted back and forth between
Japan and the United States, was completed in February 1997. This high data rate experiment was to
demonstrate high definition cinema quality video produced at a remote site and then sent to a post production
facility, where the video would be edited and sent back to the director for approval. This post production
editing phase currently takes many days and can cost millions of dollars while one movie set and crew has to
wait for approval before moving on to a new set. Sony Corporation provided its production centers in Japan
and the United States for the high data rate transmissions. Transmissions moved from the Sony Culver City
facility via Pacific Bell fiber to an ACTS ground terminal at the JPL, via the ACTS satellite to an ACTS
ground terminal in Hawaii, across the island of Oahu on a GTE fiber to an INTELSAT ground terminal
where it went via an INTELSAT satellite to a Japanese ground terminal at the Communications Research
Lab and via a NTT fiber to downtown Tokyo. The experimental transmissions thus demonstrated high data
rate interoperability between three fiber and two satellite links. The experiment was scheduled to operate at
155 Mbps, the OC-3 data rate, but that capacity was not available on the cross island Oahu fiber, so the
experiment was reduced to 45 Mbps. In February 1997, the experiment was demonstrated with high
definition video being exchanged between the two production facilities, and the experiment was declared a
success. The experiment was later awarded the Minister’s Prize for outstanding research by the Japanese
Minister of Posts and Telecommunications.
Other Quad Experiments
Subsequent Quad meetings in 1996 and 1997 have led to the following list of experiments, shown in Table
6.1. Experiment preparations are currently underway with the Trans-Pacific Remote Astronomy (#3), the
Five-Node Interactive Multimedia Teleconferencing (#4), Exchange of Earth Observation Data (#8), Digital
Library Experiment (#11), Field Trails of Telemedicine via Satellite (#12), HDTV Application
Interoperability (#13), Interoperational Test on Video-on-Demand Systems (#14), Internet Protocol Trials
(#15), Trans-Atlantic ATM Plus Interoperability Experiment (#16), Trans-Atlantic Operation Smile
Telemedicine Experiment (#17), while other experiments are in earlier stages of planning. Again, the G7
GIBN Quad project activities are open to government, industry and academic participants from all nations.
Present contact information includes the following:
Canada

Europe

Japan

United States

Mr. Robert Huck
Canadian Research Lab
POB 11490, Station H
3701 Culing Ave
Ottawa Ont. K2H852
Canada

ESA/ESTEC
POB 229
2200AG
Noordwijk
The Netherlands

Dr. Takashi Iida
MPT/CRL
4-2-1 Nukui-Kita
Koganei
Tokyo 184
Japan

Dr. Ramon DePaula
NASA Headquarters
Code S
300 E St. SW
Washington, DC 20546
USA
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TABLE 6.1*
GII Satcom Experiments
1. (A) High Definition Video Post-Production Demonstration; Tokyo, Los Angeles; Naoto Kadowaki,
Larry Bergman
2. (C) Radiation Planning Telemedicine Using High Performance Simulations and 3D Display; Washington
DC, Hong Kong, and Hawaii; David Yun
3. (B) Trans-Pacific Astronomy; Japan, US; Naoto Kadowaki
4. (B) Five-node Interactive Multimedia Teleconferencing; Canada, U.S Mainland, Hawaii, Japan, Europe;
Bob Huck
5. (C) Path of People: A Cultural Virtual Network; Canada, U.S., Japan, and Norway; Jim Hamilton
6. (D) Electronic Commerce; U.S., Mexico, Canada, Europe; B. Edelson
7. (C) Electronic Libraries/Museums; U.S., Italy, Canada; Frank Gargione, G. Marconicchio and G. Albano
8. (B) Exchange of Earth Observation Data; Europe, Japan; Ed Ashford
9. (C) Tele-education; Europe; Ed Ashford, Joe Pelton
10. (D) Telemedicine / Visualization Experiment; U.S., Japan; Neil Helm, Kul Bhasin
11. (B) Digital Library Experiment; U.S., Japan; Pat Gary
12. (B) Field Trials of Telemedicine via Satellite; Italy, Bosnia, Albania; Ed Ashford
13. (B) HDTV Application Interoperability; Japan, Canada, Europe; Ed Ashford
14. (B) Interoperational Test on Video-on-Demand Systems; Japan, Europe; M. Matsumoto
15. (B) Internet Protocol Trials; Japan, Europe; M. Matsumoto
16. (B) Trans-Atlantic ATM plus Interoperability Experiment; K. Bhasin, N. Helm
17. (B) Trans-Atlantic "Operation Smile" Telemedicine Experiment; N. Helm, K. Bhasin
18. (D) Trans-Pacific Process Migration Experiment
19. (D) Distributed Archive for Disaster Recovery
Experiment Status Key:
(A) Completed
(C) Proposed
(B) Underway
(D) Concept
* As approved by the Japan-U.S. Working Group on Satellite Communications at its November 1997 Kona, Hawaii
meeting, and recommended to the Quadrilateral Working Group on Satellite Communications.

132

6. International Cooperation and Country-by-Country Assessment

133

APPENDICES
APPENDIX A. BIOGRAPHIES OF PANELISTS AND OTHER TEAM MEMBERS
PANELISTS
Dr. Joseph N. Pelton (Panel Chair)
Dr. Joseph N. Pelton currently holds three academic appointments. These are research professor with the
Institute for Applied Space Research, George Washington University, professor at International Space
University in Strasbourg France, and professor of telecommunications at the University of Colorado at
Boulder. In 1997 he served as V.P. of Academic Programs and Dean of the experimental global virtual
university known as the International Space University in Strasbourg, France. Dr. Pelton holds degrees from
the University of Tulsa (BS 1965), New York University, (MA 1967) and Georgetown University (PhD
1971). He is the author of 16 books in the field of satellites and telecommunications since 1975. These
include the four book series: Future Talk, Future View, Cyberspace Chronicles and Global Talk, for which
he was nominated for a Pulitzer Prize. He is the founding President of the Society of Satellite Professionals
International, the Vice Chairman and founder of the Arthur C. Clarke Foundation of the U.S., a member of
the Board of Trustees of the International Institute of Communications, and the winner of the H. Rex Lee
award for his leadership in organizing and managing the worldwide telehealth and teleeducation Project
Share. He was appointed by President Reagan to be Managing Director of World Communications Year
1983. From 1969 to 1989 he held a number of management positions with COMSAT and INTELSAT
including Executive Assistant to the Director General of INTELSAT and Director of Strategic Policy for
INTELSAT. Dr. Pelton is a frequent keynote speaker and has delivered major addresses in over 40 countries
and spoken at the U.N., UNESCO, ITU, the U.S. Congress, Harvard University, MIT, the AAAS, and at
many other distinguished fora. He is a full member of the International Academy of Astronautics, a member
of the Who’s Who International, the World Future Society, the AIAA, co-editor of the Journal of Space
Communications. In 1992 he was co-chair, with Dr. Burton Edelson, of the NASA/NSF study panel on
satellite communications.

Dr. Alfred U. Mac Rae (Panel Chair)
Dr. Mac Rae is President of Mac Rae Technologies. He is a consultant on communications satellite
technology and systems and telecommunications equipment for customers that include satellite
manufacturers, satellite system operators, communications equipment developers and investment bankers.
Prior to this activity, he was Director of AT&T Skynet Satellite Communications Laboratory, with
responsibility for AT&T satellite technology, including satellite service development, satellite ground
equipment development, satellite design and development, and oversight of satellite manufacture, test and
operations. In this position, he was also responsible for the development of transmission communications
equipment, including echo canceller products, video compression equipment and packet access and
transmission equipment. He has extensive experience with integrated circuit and device development. His
honors include; Fellow, American Physical Society; Fellow, Institute of Electrical and Electronic Engineers;
Scientific Member, Bohmische Physicalische Society; 1994 IEEE J. J. Ebers Award for contributions to
integrated circuit technology; over 40 papers published in refereed technical journals; over 100 talks at
professional society meetings and universities; and 18 patents including a high revenue generating patent
that received special AT&T recognition. Dr. MacRae received his BS (1954) and PhD (1960) in physics
from Syracuse University.
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Dr. Kul B. Bhasin
Dr. Kul Bhasin is Chief of the Satellite Networks and Architectures Branch at NASA Lewis Research
Center, Cleveland, Ohio. He is engaged in the development of satellite network architectures, their seamless
inter-operations, and the development of standards and applications for the Global Information Infrastructure
(GII). Dr. Bhasin has been conducting architecture and technology assessment studies to define the role of
satellite communications in the GII. He represented NASA in the Ad Hoc Satellite Industry Task Force to
define the role of satellites in the GII. Having joined NASA in 1983, he worked for several years as a senior
research engineer in the Space Communications Division, on the development of advanced GaAs MMICs,
photonics and high-Tc superconductive technologies for next-generation communication satellite systems.
Prior to joining NASA in 1983, he was Manager of Technology for Gould Electronics.
Dr. Bhasin has several patents in electronic technology, has published more than one hundred research
papers and book chapters, and has edited a book on microwave integrated circuits. He has won the Federal
Lab Technology Transfer Award and the IR-100 Award for his inventions. He has also been awarded
several NASA group achievement and invention awards. He is a senior member of IEEE and is an elected
Fellow of the Society of International Optical Engineers (SPIE). He was awarded a NASA Fellowship at
Cornell University in Electrical Engineering. He obtained his PhD and MS degrees from the University of
Missouri and Purdue University, respectively.

Dr. Charles W. Bostian
Dr. Bostian joined Virginia Tech in 1969 and teaches in the Bradley Department of Electrical Engineering.
From 1972 through 1988 he headed the University’s Satellite Communication Group. In 1989 he was as an
IEEE Congressional Fellow with Representative Don Ritter. In 1992 he became Director of Center for
Wireless Telecommunications, a Virginia Technology Development Center working on new products and
services for the state’s employers. Bostian holds degrees from North Carolina State University. His research
interests are in satellite and wireless telecommunications and in the interactions of technology and business.
An award winning teacher, he has co-authored two textbooks, Solid State Radio Engineering and Satellite
Communications.

Mr. William T. Brandon
William Brandon is a Principal Engineer with the MITRE Corporation. He has thirty years experience in
satellite communications, both military and commercial. He is interested in system design involving tradeoffs of entire system (satellites, terminals, orbits, frequencies, cost, etc.). He founded and led a group doing
advanced planning studies, and created alternatives for survivable satellite communications (a number of
innovations); and made unique, early proposals using very small satellites, 1970-1978. He has been
particularly interested in satellite communications with aircraft, contributing to the design of the 5 kHz UHF
channel. He has published about 35 papers on varied topics in satellite communications, including: first
paper describing a small satellite, digital store and forward concept; first paper suggesting a small SHF
terminal (2 foot man-portable VSAT); system concept supporting use of small terminals without disturbing
existing large terminal nets; and journal article on evolution of small terminals. He has participated in
several international activities: Member AIAA delegation to China, 1979; Panelist for NASA/NSF study of
satellite communications development, 1992-3; Organizer/Proceedings Editor, Workshop with European
Space Agency on Mobile and Personal Satellite Communications Systems, 1995. He graduated from MIT
(BSEE), and Northeastern University (MSEE, Communications). He is a Fellow of the American Institute
of Aeronautics and Astronautics (AIAA), and past chairman of its technical committee on communications.
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Dr. John V. Evans
Dr. Evans is Vice President and Chief Technical Officer of COMSAT. He joined COMSAT in 1983 as Vice
President for Research, COMSAT Laboratories; and later that year, as director of laboratories; he served as
President of COMSAT Laboratories in 1991. Before coming to COMSAT he worked at the Radio Physics
Division of MIT Lincoln Laboratory in 1960; group leader of the Millstone Hill Radar in Westford, MA in
1972; Associate Head of the Aerospace Division and member of the Laboratory’s Steering Committee in
1975; Assistant Director of the Laboratory (Advanced Electronics Research); Director of the Haystack
Observatory and Professor in MIT’s Department of Meteorology in 1980. He has served on the U.S.
National Committee of the International Radio Science, and was its chairman from 1975-78. He is a
member of the International Astronomical Union, American Geophysical Union, American Institute for
Aeronautics and Astronautics, a Fellow of the Institute of Electrical and Electronics and Astronautics, a
Fellow of the Institute of Electrical and Electronics Engineers, and the National Academy of Engineering. In
1975 he was awarded the Appleton Prize by the Council of the Royal Society of London for his
contributions to ionospheric physics.

Mr. Neil R. Helm
Mr. Helm is the Deputy Director of the Institute for Applied Space Research and a Senior Research Scientist
in the Department of Electrical Engineering and Computer Science at The George Washington University.
From 1984 to 1990, he was the President of Helm Communications. In this capacity, he was the technical
director for the integration, testing, launch and in-orbit demonstration of a DOD satellite. From 1967 to
1984, he was employed by COMSAT where he held senior technical and management positions including
the Director of Marketing for the technical services division. At COMSAT Laboratories, he was responsible
from 1971 to 1979 for the commercialization of R&D into operational systems and products. He was also
active in COMSAT’s experiments on NASA’s ATS-6 and responsible for many of COMSAT’s experiments
on the CTS program. He received his BS degree from Georgetown University in 1966. He is a Senior
Member of the Institute of Electrical and Electronics Engineers and the Chair of its Aerospace Policy
Committee. He is an Associate Fellow of the American Institute of Aeronautics and Astronautics and the
Chair of its Communication Satellite Standards Committee. He is a member of the International Academy of
Astronautics. He is on the Editorial Board of Space Communications, an international journal, and has
published more than 25 technical articles.

Dr. Christoph E. Mahle
Dr. Mahle retired after more than 27 years as Vice President of the Satellite Systems and Technologies
Division at COMSAT Laboratories, and is now a communications satellite consultant. He has directed
research and development in the design and analysis of satellite systems, microwave circuits for satellites
and earth stations, spacecraft bus technologies, analysis and verification of satellite transponder
communications performance, including radio wave propagation. Previously he held several management
positions at COMSAT Laboratories, Executive Director of the Satellite Technologies Division, Executive
Director of the Microwave Technologies Division, and Acting Director of the Microelectronics Division,
which was set up to combine COMSAT’s efforts in analog and digital GaAs integrated circuits. He directed
several projects which defined the state of the art such as the development of the first contiguous-band
satellite multiplexer, the first 14 GHz, 120 Mbps direct demodulating DQPSK receiver, and systems for inorbit testing and monitoring of communications satellites. He participated in the design of the INTELSAT
IV communications system which served as reference for most commercial satellite communications
systems.
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Before joining COMSAT in 1968, Dr. Mahle was engaged in research and teaching at the Microwave
Laboratory of the Swiss Federal Institute of Technology (ETH), Zurich, Switzerland where he received the
Dipl. Ing. in Electrical Engineering and the Dr. Sc. Techn. in 1961 and 1966, respectively. He is a Fellow of
the IEEE, (Member since 1967, Senior Member 1986, Fellow 1990) and he has published many papers in
the field. He has also been awarded a number of U.S. patents in the satellite field and is a coinventor of the
ring redundancy scheme which today is used widely in commercial satellites.

Dr. Stephen A. Townes
Dr. Townes is Deputy Manager of the Communications Systems and Research Section at the Jet Propulsion
Laboratory in Pasadena, CA. He received the BEEE from Vanderbilt, MSEE from Stanford University and
PhD from North Carolina State University. He worked at Stanford Telecommunications, Inc, on the analysis
of the GPS-based systems and on the Defense Satellite Communications System. At the MITRE
Corporation he worked in high frequency communications and direction finding, radar phased array signal
processing and target detection. At the Jet Propulsion Laboratory he has worked on system design and
speech compression for mobile satellite communications, and analysis and development of communications
equipment and instrumentation for NASA’s Deep Space Network. He is the Deputy Section Manager,
Communications Systems and Research Section, Manager, Space Communications Technology, Technology
and Applications Programs Directorate, and Co-Leader of the New Millenium Program Integrated Product
Development Team for Communications. He has also taught at North Carolina State University, Georgia
Institute of Technology and the University of Southern California.
OTHER TEAM MEMBERS
Dr. Ramon De Paula
Dr. Ramon P. De Paula is the program executive for Space Communications and Photonics at the Advanced
Technology and Mission Planning Division, Office of Space Science (OSS), at the National Aeronautics and
Space Administration (NASA) Headquarters in Washington DC. He joined NASA HQ in 1989 to manage
the research and technology programs in space communications and photonics. In this capacity he is
responsible for advanced space communications research and technology development required for future
spacecraft and satellite systems at NASA. He is responsible for R&D at the Lewis Research Center (LeRC)
and the Jet Propulsion Laboratory (JPL). The research programs are in the areas of rf technologies (TWT,
MMIC, SSPA, and HTS), digital technologies, mobile communications, and optical/laser communications
for intersatellite links. In photonics the programs are in the areas of opto-electronic integrated circuits
(OEICs), and optical control of phased arrays antennas. Dr. De Paula is also responsible for supporting and
promoting the effective inclusion of satellite systems in the Global Information Infrastructure (GII). He is a
U.S. delegate and member of the G7-Global Interoperability of Broadband Networks (GIBN) project.
During 1990 he was also the acting program manager for the remote sensing R&D program involving
research in LIDAR systems, sub-mm and IR detector arrays.
Prior to joining NASA HQ Dr. De Paula held positions as a research scientist at Optical Technologies, the
NASA/Jet Propulsion Laboratory, Litton Industries, Naval Research Laboratory and Catholic University of
America in the areas of sensors, guidance and control, and communications. He received a BSEE from The
Catholic University of America (1974), an MS from University of California/Berkeley (1979), and a PhD
from Catholic University of America in 1982. He is a Fellow member of the SPIE. He has published and
presented over 100 papers in conferences and journals.
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Site:

AEG Elektronische Röhren GmbH (AERG)
Söflingerstrasse 100
D-89077 Ulm
Germany

Date Visited:

September 10, 1997

WTEC:

C. Mahle (report author), W. Brandon

Hosts:

Dr. Günter Palz, Manager Sales & Marketing Satellite Products
Dr. Günter Kornfeld, Manager Technique
Dr. Manfred Brück, Program Manager
Mr. Horst Luksch, Program Manager
Mr. Kurt Bulling, Manager Quality Assurance

BACKGROUND
The ownership of AERG has changed in the last two years. AEG Elektronische Röhren GmbH is now a
company of Thomson Tubes Electroniques, Vélizy, France. Thomson's TDH (Thomson Department
Hyperfrequences) Division, which is also in the traveling wave tube (TWT) business, is under the same
ownership, and work at Ulm and Vélizy is now to some degree coordinated. The company plans to continue
manufacturing space TWTs at both locations, even if the product line has similar or identical products. For
instance, if a comparable TWT is available from both sources, the customer may decide which TWT to
purchase. This leaves essentially three space TWT manufacturers worldwide (Hughes EDD, Thomson and
NEC).
MARKET
The worldwide market in space tubes was approximately $140 million in 1996. The satellite manufacturers
and in particular payload manufacturers are not just located in the United States, but are now distributed
worldwide, and include Russia. There are several ways in which the TWT and the electronic power
conditioner (EPC) can be integrated to form a traveling wave tube amplifier (TWTA). Today the TWTAs
are often integrated by the TWT manufacturer (NEC or Hughes EDD); frequently the payload manufacturer
procures the TWTs and integrates them with its own EPC (Hughes, Lockheed Martin). AERG now has the
capability to build EPCs and integrate the TWTAs if the customer so desires, however, AERG will
concentrate on TWTs as its main product.
AERG has excellent cooperation with many of the spacecraft and payload manufacturers; for instance, some
firms let AERG perform all necessary R&QA activities without supervision. AERG considers their
customer relationships as a major selling point.
AERG was producing about 60 space TWTs per month at the time of this visit.
R & D ACTIVITIES
AERG representatives presented a graph showing the improvement of TWT efficiency over time including
projections up to the year 2004 (Figure B.1.).
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Fig. B.1. TWT efficiency.
A large part of the improvements over the last few years is due to very sophisticated software modeling and
optimization computer programs. TWT efficiency and performance is expected to improve gradually; no
major breakthroughs in technology are expected. For instance, diamond helix supports will bring a small
improvement in efficiency. Adding another collector (the current production models use 4 collectors) is
likely to increase the efficiency by another 2% while the EPC changes to accommodate a fifth collector are
minimal.
The current status and forecast for AERG space TWTs is listed below:
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Current Laboratory

Forecast in 2000

L-band
Rf output (W)
Efficiency (%)

52

60
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60
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140
72

220
78

Ka-band
Rf output (W)
Efficiency (%)

75
63

100
72

Frequency band

The efficiency of an S-band TWT would fall between L-band and C-band.
AERG representatives feel that a 60 GHz TWT (25 to 30 W with helix and up to 100 W with interdigital
slow wave structure) can be put into production within 12 months when the requirement for such a tube
becomes apparent.
AERG has some design activity at 94 GHz; its engineers feel that a space TWT at any frequency between 30
GHz and 94 GHz can be designed and produced within one year after requirements definition.
AERG builds also TWTs for ground applications. Asked if a TWT at 30 GHz with a 2 to 4 W power might
be cost competitive with an SSPA, WTEC’s hosts stated that, in their opinion, the SSPA would eventually be
cheaper, certainly below the 10 W level.
CONCLUSIONS
AERG is a very competent TWT manufacturer with excellent R&D and production facilities and will
continue to be very competitive in the worldwide market.
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Site:

Alenia Aerospazio, Div. Spazio
Via Saccomuro, 24
00131 Rome, Italy

Date Visited:

September 12, 1997

WTEC:

C. Bostian (report author), K. Bhasin, C. Mahle, A. Mac Rae,
R. DePaula, S. Townes

Hosts:

Roberto Somma (Principal Host), VP, Studies
and Coordination of Technologies
Guido Mozelli, VP, Telecom and Remote Sensing Business Unit
Massimo Claudio Comparini, Head of RF and Microwave
Equipment Design Engr.
Aldo Sbardellati, Head of Communications Systems Department
Lorenzo Scialino, Head of Mechanical Design, Antennae Unit
Giorgio Perrotte, Assistant to the First Vice President for market strategies

BACKGROUND
Alenia Spazio is one of the world’s leading space communications companies. It is at present a division of
the Finmeccanica Company, and employs approximately 2,500 people in 7 locations. It was the prime
contractor for a number of telecommunications and scientific satellites, and its products are part of more than
100 spacecraft. Alenia’s commercial sales were (or are projected to be) about 87 billion lire in 1995, 255 in
1996, 340 in 1997, and 442 in 1998. Its government sales were 693 billion lire in 1995, 595 in 1996, 670 in
1997, and 738 in 1998. Corporate strategy calls for keeping the government work at a constant level and
continuing to increase the commercial business. R&D expenditures are approximately 20% of sales.
RESEARCH AND DEVELOPMENT
Alenia specializes in telecommunications, remote sensing, scientific satellites and other space hardware and
services. It pioneered Ka-band spacecraft with onboard processing, being involved in both since the 1980s.
From the 1970s until 1985 it primarily built payloads, and since then it has also built satellites. Its operating
mode has changed from one in which its customers brought it technical specifications to one in which they
specify services. In the latter case Alenia does the systems engineering and may design an entire network,
including both the space and ground segments.
Systems Engineering
Alenia works on all aspects of satellite systems engineering, including:
•

services and user requirements

•

architectures and interfaces

•

inter-networking

•

access and protocols

•

network management

•

multibeam coverage

•

onboard processing

•

communications link performance evaluation
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Multimedia Satellites and Onboard Processing
According to Alenia, the key issues in designing a multimedia satellite system include:
•

service delivery: point-to-multipoint and point-to-point

•

user characteristics: residential, business, fixed, transportable, mobile

•

degree of interactivity

•

service area to be covered

•

internetworking: network design and management should be open and compatible with N-ISDN,
TCP/IP, ATM, B-ISDN, MPEG-2/DVB

•

physical access

•

resource assignment: circuit switching

•

synchronization: frame design, master clock, signaling, and operating procedure

•

network control center: fault, configuration, accounting, performance, and security management

•

antenna coverage and characteristics: frequency re-use techniques, antenna pointing systems, traffic
routing, coverage optimization, and coverage reconfiguration

•

onboard processor design: baseband switching with regenerative payloads, up-link and down-link
separation, traffic routing, dynamic resource allocation, flexibility in bandwidth use, simplification of
user terminals

Alenia’s operational experience goes back to 1991, when ITALSAT F1, operating at Ka-band, was launched
with a regenerative processor onboard. The spacecraft covered Italy with 6 spot beams. Incoming signals
were demodulated and switched at baseband, with outgoing bits routed to the appropriate downlink spot
beam and remodulated. It used a TDMA system operating with a throughput of 147 Mbps, supporting
12,000 32 kbps channels. Alenia sees the task now as one of developing systems like this for small users.
ITALSAT F2, carrying a mobile ESA payload, was launched in 1997.
The SECOMS/ABATE projects (September 1995 - August 1998) have as the following objectives:
•

to manufacture vehicular land mobile and aeronautical terminal prototypes that will demonstrate
advanced satellite communications link performance using electronically steered phased array antennas

•

to demonstrate the feasibility of broadband multimedia satellite service for ubiquitous and mobile users
with flexible data-rate assignment

•

to define an advanced satellite system configuration, incorporating portable and mobile terminals
suitable for operation in various environments and for both individual and collective use

The proposed network architecture is a Ka-band satellite with 524.3 Mbps links to terrestrial gateways and
131.1 Mbps or 32.768 Mbps intersatellite links. It will connect to fixed user terminals and the PSTN at
multiples of 32.768 Mbps. Vehicular terminals will connect at rates between 160 kbps and 2.048 Mbps.
The ISIS/MMIS projects (October 1995 - December 1998) have as their objectives demonstrating an all-viasatellite interactive multimedia system with Ka-band uplinks and Ku-band downlinks to subscribers.
Forward protocols will be IP over MPEG-2 and DVB. Return links for ISIS will be IP transmitted by
DQPSK SCPC at rates up to 64 kbps. Return links for IMMIS will be IP transmitted by QPSK over multifrequency TDMA at data rates up to 1.024 Mbps. User terminals will use 90 cm antennas and SSPA
transmitters with power levels ranging from 0.5 to 2 W.
Euroskyway is an application program aimed at developing breadboard hardware for a European multimedia
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satellite system at Ka-band with V-band (56/64 GHz) ISLs. The spacecraft will generate multiple high gain
spot beams and operate with 9.2 Gbps gross capacity.
Skyplex is a program to develop an onboard regenerative multiplexer that will combine DVB programs for
video broadcast. Currently digital TV programs coming from different sources have to be multiplexed at a
single earth station and uplinked to a satellite. The planned systems will allow them to be uplinked
independently and combined at the satellite for retransmission to users on the ground. Flight models were
expected to be delivered before the end of 1997.
In response to later questions about the future of mobile communications, WTEC’s hosts said that Alenia is
"playing the mobile multimedia card." This is apparently where they think mobile satellite markets will
develop.
HALE Platforms
Skystation is a concept for a 150 m long balloon to provide terrestrial multimedia service from a platform
approximately 23 km above the earth's surface. It will support 110,560 total simultaneous users. Of these,
approximately 75,040 will be in the so-called urban area coverage (UAC) directly under the balloon and
operate with 100 mw, 23 dBi gain terminals that can be user installed. The remaining 35,520 users will be in
the suburban area coverage (SAC), operating with 150 mW, 38 dBi gain terminals that require professional
installation. The system will support up to 15 gateway terminals which may be anywhere in the SAC and
UAC. While Skystation is not a space project, it uses much of the same technology as a communications
satellite system, and it would compete with planned Ka-band multimedia satellites.
Satellite Manufacturing
Alenia is in the forefront of the global transformation of satellite building from a long-lead-time one-at-atime operation into assembly line production. This is evident both in the Globalstar integration work
(discussed below) and in the company's turnkey production of the NAHUEL Ka-band satellite for Argentina
in 18 months from design through integration and systems testing. Other turnkey jobs include CESASAT,
being made for a Czech company.
Alenia's Globalstar integration and test facility is a state-of-the-art complex for producing four spacecraft per
month. It organizes the work into a series of "islands" where the major tasks are completed. The process
was carefully designed with great stress on both efficiency and quality. When the Globalstar run is finished,
Alenia plans to use the facility and its acquired knowledge to manufacture other families of small satellites.
One example of programs where this might be done is COSMOS, a European program that envisions a
constellation of small remote sensing spacecraft.
Antennas
Alenia has long enjoyed a well-deserved reputation for excellence in antenna design and manufacturing. It
supplies a variety of products to all the major satellite contractors. New systems include Ku-band systems
with elliptical or otherwise shaped beams that can be rotated on command, a new feature added to a number
of reconfigurability options. Alenia is looking into incorporating smart materials into carbon fiber reflectors,
but no hardware has been built.
Alenia's work in active phased arrays includes building the L-band antennas for Globalstar to Space System
Loral's design. These are 60 element circular patch arrays. The basic array structure is hexagonal, organized
into five 12 element triangular subarrays. It will probably be the first flat panel direct-radiating active
phased array to be launched. With its impressive capabilities in rf and microwave electronics technology
and its experience in building arrays for satellites, Alenia is clearly a leader in active phased array
technology.
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When questioned, WTEC’s hosts said that they were currently not involved in using optical (photonic)
technology in phased array antennas.
Electronic Components and Subsystems
Alenia builds a number of GaAs MMICs and HMICs for frequencies up to at least 34 GHz. These include
LNAs, modulators, demodulators, channel amplifiers, etc. Prototype S-band transponders digitize the
second IF. Alenia's efforts have been toward developing the important electronic building blocks and
combining them in different ways to create different products. Alenia does the design work and has the
commercial products made in the standard foundries. The company is looking at InP devices for operation at
frequencies beyond the capabilities of GaAs.
CONCLUSIONS
Alenia Spazio is a world-class space systems and hardware company. It has added new capabilities and
facilities since the 1992 WTEC visit, particularly in small satellite integration and testing.
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Site:

Bosch Telecom GmbH
Gerberstrsse 33
D-71520 Backnang Germany

Date Visited:

September 10, 1997

WTEC:

N. Helm (report author), C. Bostian

Hosts:

Mr. Siegfried Heider, Head of Business Development,
Space Communications Systems
Mr. Arno Buening, Development Onboard Systems Space and Avionics

BACKGROUND
Bosch Telecom (formerly the space telecom group was called Bosch ANT) is part of the privately owned
Robert Bosch company. The Bosch Group’s worldwide sales are nearly 60% in automotive equipment and
its Telecom and Telecom Space divisions make up about 13% of overall sales. The Space Communications
Systems Product Group of Bosch Telecom has about 550 employees, sales of over $130 million with ~20%
annual growth rates. It is noteworthy that for more than five years, the Space Communications Product
Group has reinvested more than 15% of profits in its R&D program.
Since 1970 Bosch Telecom has supplied high quality space qualified components to more than 60 spacecraft
including international, domestic, regional, experimental and mobile communications, broadcast,
environmental and meteorological spacecraft.
RESEARCH AND DEVELOPMENT ACTIVITIES
Ka-band Subsystem Activities
Building from a broad history of Ka-band activities going back to the DFS Kopernikus project started in
1983, Bosch Telecom has conducted research on Ka-band transponders for DRS, ESA, ARTEMIS and
BMVG. This research resulted in a Ka-band TWTA for the ARTEMIS spacecraft with a power output of 35
W and a power supply with an an efficiency of 91%. Current research in the Ka-band subsystems includes
work on a multi-channel repeater for future multimedia applications. On the transmit side, Bosch is working
on a 20 GHz transmit section that includes modulators, producing up to 30 W (TWTA) per channel.
Onboard Processing (OBP) Developments
Bosch Telecom’s proficiency in switching technologies comes in part from the terrestrial telecom activities
at high data rates. Current OBP research includes work on a T-stage circuit switch for ESA. Also, the
company has finished bench testing of an experimental ATM-like cell switch for a possible future military
payload. Research on the cell switch includes a test environment that allows for changes in data rates from
2.4 kbps to 7 Mbps, generation of different traffic profiles and bit error rates, propagation delays for GEO
services, and standardized interfaces with real applications.
High Temperature Superconductor (HTSL) Technology
Research and component development is taking place on HTSL technologies for satellite communications.
An example of this development is a high temperature superconductive three channel multiplexer at 6 GHz,
with a 7-pole input filter (B=500 MHz) and a 5-pole channel filter (B =50 MHz).
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Intersatellite Link (ISL) Terminals
Developments for ISL terminals are taking place at both microwave and optical frequencies. An example of
the developments includes communications subsystem and electronics components provided for the
ARTEMIS/SILEX ISL experiment at 23/27 GHz. Also, Bosch is working with Contraves on laser
communications terminals.
EQUIPMENT AND FACILITIES
Bosch Telecom has a full array of test facilities including a satellite system and sub-system integration
building with clean rooms, vibration tables and thermal vacuum chambers.
MISCELLANEOUS OBSERVATIONS
An impressive R&D philosophy is evident wherein efforts to improve products are conducted in small,
staged steps, resulting in well-defined improvements in the product lines. This method of development
results in high reliability and low training requirements and produces a high quality line of complementary
products.
CONCLUSIONS
Bosch Telecom provides high quality space components, especially its electrical power conditioning units
(EPCOs) that are unchallenged, with more than 1500 EPC0s in space meeting their qualifications. However,
the competition to provide lower cost space qualified components is growing and new companies entering
the business are keeping pressure on the marketplace. There is some concern that, as the numbers of
satellites increase, there may be a market drift to lower levels of qualification for components. Bosch
Telecom has decided to largely leave the ground terminal market and concentrate on its space expertise.
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Site:

The Centre National d’Etudes Spatiales
(CNES) - French Space Agency
Toulouse Space Center
18, Avenue Edouard Belin
31055 Toulouse Cedex - France

Date Visited:

September 11, 1997

WTEC:

K. Bhasin (author), J. Pelton

Hosts:

Mr. Bernard Curbelie; Deputy Director “Radiocommunications”
Mr. Vincent Meens; Deputy Head of Frequency Bureau
Mr. Bernard Ehster; STENTOR Program Manager
Mr. Patrick Duront; International Relations
Mr. Bruno Belon; Navigation Systems

BACKGROUND
The Centre National d’Etudes Spatiales (CNES) is a French public institution which was founded in 1961.
Even though it is a French government agency, it reflects an industrial and commercial nature. CNES has
created commercial companies based on its investment in space technologies. It is a shareholder in eight
public-limited companies. These companies have turnover of nearly 7,000 million frames (MF)
(approximately $1.2 billion). CNES’ 1996 budget was close to 12,046 MF. It carries out its operations by
participation in European Space Agency (ESA) programs (28%), national programs to maintain industrial
competitiveness (22%), and maintaining advance R&D facilities (20%). It also provides access to space
with the Ariane program (ESA), marketed by Arianespace (A CNES subsidiary) (30%). The panel visited
CNES’ Toulouse Space Center where the radiocommunications program is managed. Toulouse Space
Center was founded in 1968 and is located in the nearby Technology Park and contains the major part of the
CNES workforce. Within the radiocommunication program, the following major activities are conducted:
•

Navigation

•

Telecommunications
−

New applications development

−

STENTOR program

−

Frequency management

−

R&D project management

More detailed discussion of these activities is presented below:
R&D ACTIVITIES
STENTOR Program
The STENTOR Program is a technological program to prepare future generations of telecommunications
satellites. The STENTOR satellite, which will be launched in early 2000, enables several advanced satellite
payload and communication technologies to be validated in orbit. These are active antennas, thermal
control, microwave components, lithium-ion batteries, and plasma propulsion. The participants are CNES,
France Telecom, and Delegation Generale pour l’Armement (DGA). The estimated cost is $500 million.
Notable is the industry contribution to its development, which will reach close to 25%.
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The program is headed by a joint committee representing France Telecom, CNES and DGA. The state
project team (France Telecom, CNES and DGA) is in charge of all technical and financial aspects, with
CNES as project manager, and awards the qualification.
An integrated industrial team bringing together Matra Marconi Space (MMS), Aerospatiale, and Alcatel acts
as joint prime contractor, under the authority of an industrial steering committee. Several equipment items
are being developed by Belgian and German companies, supported by national government funding.
The main objectives of the STENTOR program are: (1) to coordinate activities ranging from R&D to the
production and ground qualification of competitive equipment whose performance will have been proven in
orbit, (2) to favor the most promising developments of a subsystem and/or complete system level in order to
make the technological leaps necessary to keep up and improve competitiveness, (3) to conduct in-orbit
experiments to characterize the actual performance of new equipment items and sub-assemblies and to
evaluate operational improvements like autonomous station keeping, (4) to demonstrate new and/or
enhanced services in orbit.
The STENTOR satellite has a mass of approximately 2,000 kg. It will be placed in a geostationary orbit near
the Telecom-2 satellites. Of a total power of 2,500 W, at 2 years, 1,000 W will be allocated to the payload,
both night and day. STENTOR will carry enough fuel for positioning, followed by 2 years in orbit to ensure
the redundancy of the plasma propulsion system for this same period, necessary for intensive
experimentation. The quantity of xenon required for plasma propulsion will be sufficient for nine years in
orbit.
The Ku-band payload will be used to experiment with all the new functionality permitted by the technologies
developed (flexibility, linearity, reconfiguration).
CNES will be responsible for satellite positioning and station keeping from the Toulouse Space Center.
Station keeping over the 9 year period will be subject to arrangements enabling the satellite to be monitored
during normal working hours. The first two years will be mainly dedicated to technology and system
experimentation and to excercising different payload operating scenarios. It is planned to demonstrate new
telecommunications services. The next seven years will serve to characterize aging and evaluate the stability
of performance. They will be used especially to demonstrate new telecommunications services. STENTOR
is a 3-axis stabilized satellite. The primary structure is basically that of Aerospatiale’s Spacebus 3000.
The major advanced technologies which will be tested on the STENTOR are as follows:
The chemical and plasma propulsion subsystem, of conventional design, includes a 400 N apogee engine and
10 N thrusters used for positioning and east/west station keeping. The design of the following elements has
been modified to improve both safety and performance: the 400 N apogee engine, the 10 N platinum
rhodium motors, the helium tank and the pressure regulators. The plasma propulsion subsystem will be used
to control the inclination and eccentricity for north/south station keeping. This subsystem includes in
particular two plates of two plasma thrusters, a wound carbon Xenon tank with a titanium liner and a
pressure regulator. The detailed design of the thrusters is based on a Russian concept. This completely new
subsystem offers a high specific impulse leading to a significant reduction in mass due to the fuel savings.
The thermal control subsystem uses several capillary pumped fluid loops:
•

A one-way fluid loop with multiple evaporators and condensers ensures the thermal control for the
active antenna, i.e., efficient heat transport to the north and south walls and temperature regulation.
Ground tests no longer suffer from the constraints arising from gravity, encountered on conventional
heat pipes.
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•

A reversible fluid loop ensures the thermal coupling between the north and south walls so as to
compensate for seasonal variations (summer and winter solstices) and imbalances in the power
dissipated by payload components.

•

A deployable radiator fitted with a flexible link fluid loop increases the satellite’s heat rejection
capability, which is becoming a critical resource with respect to the considerable increase in power
requirements for future projects.

The electrical power supply is provided by a 2.5 kW solar array using gallium arsenide solar cells on
germanium (GaAs/Ge), a totally new lithium-ion battery developed in conjunction with electric vehicles, and
an electronic power switching regulator. The regulator and more especially the lithium-ion battery meet
significant mass reduction objectives.
Attitude control: pitch is controlled by an onboard kinetic, momentum device, and roll and yaw by a solar
sail. Attitude is determined using a standard earth sensor and precise Sun sensors. A highly advanced static
earth sensor is also flown. Furthermore, a new generation GPS receiver will be flown on an experimental
basis. It will provide the estimated orbit and spacecraft position once on station, allowing investigations into
autonomous station keeping over a period of several months. A complementary orbit determination
experiment will be carried out during the transfer phase.
The onboard processing handles all data exchanges aboard the satellite, carries out all data processing except
that specific to the payload and controls ground/satellite exchanges. The technical solutions (1553 bus, dual
computer assembly, ADA standard language, CCSDS protocol, monitoring and hierarchy-based
reconfiguration device) and associated equipment have been developed for Eurostar 3000.
A switching matrix is used to connect the antenna and transponder directly in the case of the active antenna
and via high-performance linear TWTAs (70%) in the case of the two passive antennas.
The TM/TC subsystem ensures the Ku-band link with control stations on the ground. A new receiver has
been developed, as has a planar array directional antenna for station keeping operations. During positioning,
global coverage is ensured by two antennas and the telemetry signal amplified by a power amplifier in the
payload.
The communication payload: the Ku-band payload will have three transponders: (1) a very wide band
transponder based on MMIC technology. The transponder enables data communication over a wide band,
i.e., at high transmission rates, (2) a transponder using intermediate frequency conversion (IF < 1.5 GHz)
and surface acoustic wave filters. It includes three channels with selectable bandwidth (36 or 72 MHz), (3) a
digital television transponder which can multiplex onboard up to twelve TV programs to DVB-S standard
and MPEG-2 format. This enables local broadcasters to access the satellite using small terminals. The extra
high frequency (EHF) payload has been developed for propagation experiments. It includes a two-channel
transponder and two-beacon transmitter. The antenna ensures coverage of metropolitan France and French
Guiana both for transmission and reception.
Antenna technologies:
1.

A transmitting active antenna
This is a reconfigurable multibeam antenna with 48 radiating subarrays powered by 48 SSPAs. It
provides three fully independent, reconfigurable spots. It is fitted with a calibration assembly. The
coverage is such that any zone visible on earth may be reached, though it can also operate in beam
hopping mode.

2.

An ultra-lightweight reflecting antenna (2.4 m diameter)
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Of an extremely advanced technological design, this antenna with its deployable reflector has a very
high gain. The deployment mechanism and reflector are being developed as part of the fertilization
aspect of STENTOR. Numerous important European towns lie within the area covered by the
antenna’s polar diagram.
3.

A conventional steerable spot antenna
The narrow beam (1.8 degrees) may be directed along two different axes and towards any visible point
on earth.

The STENTOR satellite also flies a radiation monitor (COMRAD) designed to measure the radiation in both
geostationary and transfer orbits and to characterize the behavior of electronic parts (memory, processors,
FPGAs, ASICs etc) subject to this environment. Finally, the satellite is fitted with sensors to measure the
characteristics of the plasma generated by the plasma propulsion and the effects on satellite materials in
general and the solar cells in particular.
Navigation Program
CNES has been planning a complementary system for navigation to GPS (U.S. program) to improve the
availability and precision of navigation signals. Several plans and programs are being developed. The first
generation system, GNSS-1 (Global Navigation Satellite System) will provide navigational services over
both oceans and continents. The objective is to improve the efficiency and value costs of air transport.
The use of geostationary satellites as a complement to the GPS constellation is an idea which emerged
through cooperation between CNES and the DGAC, both of which have been working on the project for
several years now. It has now become the reference solution on the international scene within the
International Civil Aviation Organization (ICAO).
The program, known as GNSS 1 (1st generation Global Navigation Satellite System) could be prolonged
later on by a second generation system, GNSS 2, in which navigation signals would be produced by a
constellation of civil satellites (independent of GPS). Such a system would meet the desire for independence
expressed by civilian users with respect to defense-based systems such as GPS (U.S.) or Glonass (Russia).
Looking ahead, demand for such a system is likely to skyrocket with the extension to maritime and
particularly land-based applications.
In order to step up the pace of development on the European segment, DGAC and CNES have decided to
jointly develop the first stage, which will be a French contribution in kind to the program developed within
the framework of ESA (for which France is the main contributor, at 45%). After an invitation to tender,
Thomson was selected to be the prime contractor and leader of a European industrial consortium also
including French companies Syseca and Sextant. Work began on 19 December 1995.
Taking into account CNES’s experience in the area and the French contribution in kind to the program, ESA
accepted CNES’s invitation to host the ESA project team at the Toulouse Space Center. This team has been
in place since February 1996. It includes, other than the ESA personnel, engineers from CNES and from the
main civil aviation agencies in the countries concerned with the program.
Frequency Management Program
The highest authority for frequency management in France is the National Agency for Radiocommunication
Frequencies (ANFR). Under this authority several agencies are responsible for managing the part of
spectrum for which they have been designated as the responsible body. CNES Frequency Bureau is
responsible for managing the Space Science Frequencies (e.g., 2 GHz S-band) for space operations, space
communication networks and space research. Its main objectives are: (1) notifying the ANFR of the space
networks using those frequencies, (2) managing the notification process (responses to administrations that
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could be affected by a new space science networks), (3) responding to any administration that is notifying a
network that could affect a French space network, (4) as a technical body, organizing and managing
coordination of its networks, (5) regulatory support to space projects.
CNES must refer every time to the ANFR, which will be the focal point in notifying space networks to the
ITU-R, receive and send mail to the various administrations, and sign any coordination agreements.
The CNES Frequency Bureau coordinates the efforts of the French space science community in studies made
within international working groups, in particular in preparing for the World Radiocommunication
Conference. It has the support of other departments where experts may be sent to various international
groups (e.g., WP 7C, WP 4A).
The main bodies where CNES Frequency Bureau is active are CEPT (the chairman of both groups dealing
with the preparation of WRC-97 were from CNES), ITU-R, with the view to participate to all SG where
sharing difficulties with other services are foreseen, and SFCG.
The CNES Frequency Bureau represented the interests of the French and European space science community
in the preparation of WRC-97. France and CEPT have designated coordinators for all the various items of
the WRC-97 agenda; European coordinators are by default French coordinators as well.
CONCLUSIONS
CNES Toulouse Space Center is a major national as well as international hub of the French Space Agency in
the development of its space program. The CNES radio communications program is based on a close
working relationship with the industry to develop and demonstrate advanced space communication
technologies and applications as shown by the STENTOR program. In addition to its participation in ESA,
this program pro-actively advances the French space communications industry.
REFERENCES
CNES. 1996. Annual Report.
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Site:

Cometa (also spelled Kometa)
Central Scientific Industrial Enterprise
Cometa, 8 Velozavodskaya
Moscow 109280, Russia

Date Visited:

October 2, 1997

WTEC:

Neil Helm (report author)

Host:

Dr. Anatoli I. Savin, Director General, Cometa
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BACKGROUND
Cometa is similar to the U.S. National Reconnaissance Office. Both agencies have opened their veils to
some extent and now are seen as cooperating with other government agencies and in some cases companies
in the development and exchange of technologies. For the first WTEC satellite communications report five
years ago, this author talked with Dr. Savin about the development of a 30 meter space antenna that at that
time was going through ground tests. Cometa is known as being a Russian leader of space technology
development.
RESEARCH AND DEVELOPMENT
Fifteen Meter Antenna
Dr. Savin stated that he didn’t have any potential commercial activity with a 30 meter antenna at the present
time (1997). However, he said that he had a 15 meter antenna that had commercial capability and alluded
that Cometa had a strong technical and operational level of confidence in designing, building and operating
an antenna of this size. While he did not go into the beam forming network in detail, he said he had one
design that would provide 270 beams with the 15 meter antenna. It is also reputed that NPO-ELAS, a
contractor for the Coupon spacecraft, has an advanced electronically steered, active phased array antenna
that may be workable with a large antenna.
Dr. Savin mentioned the recently announced $2 billion contract won by Hughes to build a satellite for a
Middle East customer that utilizes a 15 meter antenna. He said that he did not know all the technical
requirements of this antenna, but from his knowledge he felt that Cometa could build a 15 meter antenna
similar to the Hughes specifications, for a cost that is two or three times less than what Hughes will spend.
CONCLUSIONS
Cometa’s activities have certainly been limited, with the Russian Federation’s large reduction in its military
space program, although it is clear that there is still an ongoing level of activity. When this author visited
Cometa five years ago and saw the level of technical expertise that Cometa had in large spacecraft antennas
and other space hardware, it seemed clear that a joint venture with one or more of the large Western space
manufacturing companies was assured. While Dr. Savin mentioned that some serious discussions have taken
place with Western companies, to date, Cometa has not entered into a large joint venture commercial
contract. The reasons for this are not clear; perhaps some reluctance exists on both sides. Dr. Savin stated
that Cometa has a development project going with an American university that he hopes will be successful
for both partners.
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Site:

Oerlikon Contraves Space
Schaffhauserstrasse 580
CH-8052 Zurich, Switzerland
http://www.contravesspace.com

Date Visited:

September 18, 1997

WTEC:

Ramon P. DePaula (report author)

Hosts:

Dr. Reinhard Czichy, Vice President Space Communications
email: czczy@ocag.ch
Dr. Klaus Pribil, Director Optical Communications
email: czprib@ocag.ch

BACKGROUND
Oerlikon Contraves Division
The Oerlikon Contraves Division, which forms part of the Oerlikon-Buhrle Group is comprised of the
Defense and Space Sectors. Oerlikon Contraves Defense is active throughout the world in the development,
production, sale and technical support of weapons systems for air defense.
Oerlikon Contraves Space
The space activities of the Oerlikon Contraves Division are brought together in the Contraves Space Sector.
Contraves Space in Zurich has been involved in the development and production of spacecraft structures,
payload fairings for launchers, precision mechanisms, and instruments for the scientific exploration of space
for more than 30 years. The main customers of Contraves Space are the European Space Agency (ESA) and
Arianespace, which operates commercial space activities.
The Oerlikon Contraves Division with its more than 2,600 employees generates sales around CHF 700
million. Its headquarters is in Zurich. The division also operates other companies in Switzerland, Germany,
Italy, Canada, Singapore, Malaysia, and the United States.
More recently, Contraves Space has become one of the world leaders in the development of satellite free
space optical communications systems. Currently its main customers for optical communications
development are Motorola and ESA. The other leaders in free space optical communications are Ball
Aerospace/COM DEV (U.S./CA), NEC (Japan) and Matra Marconi Space (France)
Market
GEO-GEO intersatellite links (ISL) (72,000 km), LEO to LEO ISL (4,500 km), MEO-MEO ISL, LEO-GEO
inter-orbit links.
FREE SPACE OPTICAL COMMUNICATIONS R&D ACTIVITIES
Oerlikon Contraves Space started a program in mid 1995 to develop miniature optical terminals for free
space laser communications links. This program is now considered a cornerstone of the company’s future
core business. It combines the long standing expertise of Oerlikon Contraves in the field of complex
optoelectronic systems with know-how of leading Swiss research institutes and the resources of international
industrial partners active in this field.
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The Oerlikon Contraves development activities are harmonized with various projects of the Swiss national
research commission. The leading edge technologies elaborated within these projects in the field of
microsystem technology and microelectronics provide important prerequisites in developing advanced new
generation miniature free space optical communications systems.
Based upon the first results of this program, ESA in February 1996 awarded Oerlikon Contraves Space a
contract for the development of a “Terminal for Short Range Optical Intersatellite Links (SROIL).” The
SROIL Terminal, one model of a larger product family, is designed for a wide range of applications in
mobile satellite communication, voice, and multimedia networks having high data rate requirements. There
are other terminal types of this product family targeted for use on geostationary satellites, e.g., co-located
satellite clusters or for intersatellite links between widely spaced GEO spacecraft.
The mature features of the Oerlikon-Contraves Miniature Optical Terminals provide exciting solutions to the
user’s basic requirements:
•

highest data rate system with attractive growth potential (presently up to 5.0 Gbps)

•

coherent detection scheme with highest sensitivity (up to 8 photons/bit demonstrated)
laser diode pumped Nd-YAG laser transmitter operating at 1.064 µm
homodyne detection receiver with integrated coherent tracking sensor

•

high bandwidth pointing, acquisition, and tracking (PAT) system providing comfortable margins
-

full hemispherical pointing capability with combined coarse/fine pointing assembly
PAT system bandwidth > 1kHz
insensitivity to spacecraft induced vibrations
wide-field acquisition sensor providing full coverage of most counter terminal uncertainty fields
closed-loop controlled point-ahead assembly

•

integrated high precision ranging capability

•

high modularity of optical head and electronics unit offers adaptability to a wide range of user needs and
easy interchangeability of assemblies and components

•

advanced miniature optical head
small telescope aperture (e.g., 35 mm diameter for Model B) with combined transmit/receive path
laser sources in self contained laser unit and fiber coupling with optical bench
monolithic optical bench with passively athermalized optical system
self-alignment capability via point ahead system

•

designed for operation in highly dynamic LEO communication networks

•

inter-terminal service channel link for autonomous system performance optimization

•

safe design with highest reliability assures long in-orbit lifetime

•

adaptive and efficient operational mode-logic with priority on:
in-orbit reconfiguration capability
autonomous terminal operations
highest operational safety

•

attractive mass, dimension and power budgets

Oerlikon Contraves Space offers a family of miniature optical terminals; the four basic models of this family
cover most of the standard user requirements. Owing to systematic modularity all of these models can be
customer tailored to cover a wide range of strategic applications.
The miniature optical terminal designed by Oerlikon Contraves Space is developed within the framework of
a contract with ESA. Table B.1 summarizes the basic requirements for the SROIL terminal as defined by
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ESA. It is the aim of this ESA development contract to investigate the potential of advanced optical
communications systems for high data rate transmission and to demonstrate the following: system
miniaturization, growth potential to cover a wide range of mission scenarios, modularity and configuration
flexibility, precise ranging capability, and long in orbit lifetime with high reliability.
In order to meet the ESA requirements, the SROIL terminal was designed using a coherent detection scheme
and diode pumped Nd-YAG lasers. It has a receive telescope aperture of 35 mm diameter and a concentric
transmit telescope with about 16 mm diameter. The pointing system of the SROIL terminal is based upon a
coelostat type pointing assembly in front of the telescope and allows for almost full hemispherical pointing.
Based on the SROIL design (see Table B.1), Contraves is building a family of 5 terminals for many different
link ranges from as low as 200 km to as far as 72,000 km (GEO to LEO). The data rates vary from 7 Gbps
to 1 Gbps for the longer links.
CONCLUSIONS
Contraves is today one of the leaders in the area of free space optical communications. ESA support was
critical for it to develop its capabilities. The company has made a major commitment to this technology and
is successfully transferring the R&D results to operational systems. The announcement of a partnership
between Motorola and Bosch with Contraves as subcontractor for optical ISLs attests to Contraves’
commitment and leadership position in the area of free space optical communications.
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Table B. 1
SROIL Terminal Characteristics
Detection Concept

Coherent

Modulation Format

Binary Phase Shift Keying (BPSK) with Sync Bits

Link Type

Full Duplex

Link Range

1,200 km

Transmit Laser

Semiconductor Laser Pumped Nd-YAG (1064 nm)

Telescope Aperture Diameter

35 mm

User Communication Channel

Bit Rate: 1.5 Gbps
Bit Error Rate: < 10

-6

Comms Link Margin: > + 6.2 dB
Inter-terminal Service Channel

Bit Rate: 172 kbps
Bit Error Rate: < 10

-13

Service Link Margin: > + 6.2 dB
o

o

o

Pointing Range

Full Hemispherical (azimuth + 220 , elevation - 90 , + 95 )

Pointing System Angular Rate

> 50 /sec

Pointing System Acceleration

> 50 /sec

Acquisition Time

< 15 sec, with one repetition in case of non-detection

Acquisition Field-of View

o
2.3 diagonal

Acquisition Margin

> + 5.8 dB

Tracking Bandwith

> 1,000 Hz @ 1.5 dB

Tracking Margin

> 8.9 dB

Beacon Laser

Semiconductor Laser Array, 815 nm

Power Consumption

40 W (average)

Dimensions
Mass

o

o

2

Optical Head: 415mm x 230 mm x 190 mm (HWD)
Electronic Box: 210 mm x 280 mm x 250 mm (HWD)
Optical Head: ca. 8 kg
Electronic Box: ca 7 kg

In-Orbit Lifetime

> 10 years in LEO

Reliability

> 0.8 (TBC)
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Site:

Daimler-Benz Aerospace
Dornier Satellitensysteme GmbH
P.O. Box 80 11 69
81663 Muenchen, Germany
http://www.dasa.com/dasa/index_e.htm

Date Visited:

September 10, 1997

WTEC:

C. Bostian (report author), W. Brandon, N. Helm, C. Mahle

Host:

Dr. Heinz W. Hermann, Head of Marketing,
Communications Systems Components and Technology

BACKGROUND
Daimler-Benz Aerospace is a well-known manufacturer of spacecraft components. The company has
recently instituted a management change and is now focusing on commercial projects and the bottom line. It
will concentrate on the larger corporate interest in transportation, and it is not yet clear to what extent this
will include space and defense. The company intends to seek corporate partners in areas where appropriate,
and talks were in progress at the time of this WTEC visit with Matra Marconi Space about a possible merger
or joint venture.
Daimler-Benz Aerospace’s satellite business has an annual turnover of approximately DM 818 million. The
total turnover for space activities is approximately DM 2 billion. "Free" R&D totals approximately DM 20.2
million. This figure does not include R&D efforts that are directly supported by the German government
and ESA. Sixty percent of the company’s total turnover represents development activity.
The company’s satellite products include solar power systems, propulsion systems, attitude control systems,
antennas, and spacecraft software.
RESEARCH AND DEVELOPMENT
Navigation Satellites
Development of a European satellite navigation system is one of the company’s priorities. It is lobbying
Bonn and Brussels to make this happen. It feels that this is important because the GPS space segment is U.S.
manufactured and controlled, and all of the ground equipment is made and sold by U.S. and Japanese
companies. A European system would not require global coverage. Ideas under consideration include 24
hour circular orbits with different inclinations. With proper phasing, ground stations could see one satellite
north of the equator, one satellite on the equator, and one satellite south of the equator. This would provide
high accuracy and help eliminate the problems experienced with GPS shadowing by buildings in European
cities.
Onboard Processing
Daimler-Benz is working on an integrated system in which a single computer will do attitude control and
data handling.
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Solar Power Systems
The company has major experience in manufacturing solar arrays and associated equipment. Its TEMPO
solar generator will offer 12 kW at beginning of life and 10 kW at end of life. All solar cells will be GaAs.
GaAs is expensive and difficult to handle because the material is brittle and heavy.
Ka-band Antennas
Daimler-Benz engineers feel that the challenge is in finding an affordable way of making antennas with
adaptable multiple beams. While companies like Teledesic envision arrays with 1,000 scannable beams,
Daimler-Benz does not view this approach as commercially feasible. It is working on a system with 10-15
feeds and 10-15 beams. The system works on a demonstration basis and needs customers.
Optical or optically controlled beam forming networks would be cost effective only for antennas that
generate many (500) small beams. It will take a significant investment of money to get optical feeds going.
Ka-band Systems
A number of European companies are looking at Ka-band systemsAlacatel, Matra Marconi Space, Alenia
Spazioand Daimler-Benz is working with them all. The issues involve who are the real customers and
how do we approach them? Ka-band will not be a big business at this time. The bottlenecks will be in
market access.
Our host felt that "moderate" direct-to-home (DTH) service should be offered first to test the market. "If you
can’t be sure a satellite system will be used 50-60% from day one, you will have great difficulty funding it."
You need end-to-end service in order to be able to sell to the consumer. The costs of access to the terrestrial
network may be very high. A satellite owner may get only 30 cents a minute for air time while the user has
to pay $3.00 per minute to cover terrestrial access costs. There will not be much business in user terminals
talking to each other directly by satellite. Customers will have to be able to connect to the terrestrial
network.
According to our host, the market will not support services like satellite-based rural telephony. One reason
that there are a lot of people in rural areas who have never seen a telephone is that they lack the money to
pay for one.
Ion Thrusters
Daimler-Benz may have focused too much on physics and not enough on customer needs. Its current
technology offers thrusters at the 10-25 mN level. This will do for north-south station keeping. The
Russians have developed 100-300 mN thrusters, although their performance is rumored to be unstablethe
direction of the thrust is apparently erratic or unpredictable. But if these can be improved, then 5 to 10 of
them could be bundled to provide a replacement for liquid thrusters. That would appear to save a significant
amount of spacecraft mass by eliminating the need for fuel, but it would be accompanied by the need for a
major increase in prime power. Ten to 15 kW would be required to operate the thrusters. Daimler-Benz is
attempting to interest the U.S. prime contractors in cooperating in ion thruster development.
Optical ISLs
Daimler-Benz has done quite a bit of work in optical ISL technology and has developed a 600 Mbps
terminal. The company terminated the effort for marketing reasons. While such a terminal might be useful
for a second generation Iridium system, the market "is not so overwhelming." In contrast with Globalstar,
Iridium has no significant European suppliers.
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OTHER MARKET AND POLICY ISSUES
Our host anticipates some major shifts in spectrum allocation and use. Daimler-Benz is working on direct
audio broadcasting in S-band or L-band or perhaps in spectrum now allocated to TV. Some of the large
amount of spectrum reserved for the military may be released for commercial applications.
European companies need more access to U.S. markets and more openness on the part of U.S. companies. It
is not sufficient to place an order and receive a black box and an operating manual. Pressures are pushing us
toward cooperation.
CONCLUSIONS
The WTEC team’s discussions with Daimler-Benz about trends in technology and about evolving market
conditions were very useful and informative.
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Site :

European Space Agency (ESA) Headquarters
8-10 rue Mario-Nikis
Paris, Cedex 15, France
http://www.esrin.esa.it

Date Visited:

September 10, 1997

WTEC:

A.U. Mac Rae (report author), J. N. Pelton, K. Bhasin, S. Townes

Hosts:

Rene Collette, Director of Communications
Karin Barbance, International Relations
Frederic Nordlund, International Relations
Alain Pinglier, Head of Coordination Office
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BACKGROUND
ESA is a fifteen nation funded organization that has been established for the coordination of European space
activities. Its 1996 budget was 2560 MAU1 with 21% devoted to mandatory programs, funded by all
participating nations, 76% devoted to optional programs supported by one or more participating nations, and
3% funded by third parties. The mandatory activities enable ESA to carry out an important role as an R&D
sponsoring organization in support of numerous scientific missions. The optional programs are in support of
the development of a European space infrastructure leading to industrial participation in space programs.
After overhead, each nation receives a minimum of 90% of its contribution in the form of space contracts in
support of ESA programs. Until recently industrial contracts were 100% funded by ESA. New forms of
cooperation are now being sought in programs such as the Telecommunications Partnership Programme in
which industry obtains contracts for precompetitive sub-systems on a 50/50 funding basis with ESA. The
ESA generic space telecommunications budget amounts to 300 MAU. ESTEC, as discussed in another site
report, manages these programs.
In 1997, 25% of the total ESA budget was allocated to the launch program, with the Ariane 5 rocket program
receiving less than 620 MAU. Another 13% was devoted to the international manned space program. The
failure of the first flight of Ariane 5, with the loss of the four Cluster scientific satellites, and therefore the
need to fix the root cause of the problem, followed by the need to repeat the first flight, has been an
expensive undertaking and has put a strain on the ESA budget.
ESA is putting more emphasis on the potential industrial pay-off of its programs. Renewed emphasis has
been placed on improving the “efficient expenditure of taxpayer money” by supporting programs that will
provide long-term benefit to the industrial space activities of participating nations, to ensure that the
European community is competitive in world markets.
DISCUSSION TOPICS
In addition to the numerous scientific space missions described in the ESTEC site report, ESA is particularly
interested in the use of satellites for navigation, especially for use by aircraft. ESA officials recognize the
importance of coordinating their programs with the U.S. military sponsored GPS system, but are concerned
that the military control of this system can lead to safety issues, as for instance, if GPS is turned off while a
plane is landing under adverse weather conditions. Of course, this issue is of concern to most commercial
applications of GPS throughout the world. ESA, in close coordination with the EC, RUROCONTROL, ESA

1

MAU = “million accounting units.” One “accounting unit” = value of European Currency Unit (ECU) (1 ECU +$1.20
U.S. dollars as of date of this publication).
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member states and industry, is working toward the definition of a European position with regard to satellite
navigation by early 1999.
As is the case all over the globe, spectrum is an issue in Europe. ESA would like to position itself to
coordinate spectrum allocation and disputes within the European community rather than having each nation
operate independently.
Duplication of space activities is a natural consequence of the increased space capability of member nations,
especially in those that have a strong internal government and industrially funded efforts. ESA would like to
coordinate some of these activities to minimize duplication. It orders France, Germany and Italy in the
strength of their internal programs. Italy, in particular, is emphasizing R&D in the growth market of
telecommunications and may pass Germany in the future. The U.K. has been developing a program in
satellite based navigation systems and is expected to play an important role in that program.
As is the case worldwide, ESA recognizes the need to stimulate the development of multimedia and high
bandwidth capability of satellites for Internet access. These ESA programs are described in the ESTEC site
visit report. ESA representatives also believe that cooperative programs, such as the optical ISL program
with Japan, enable them to utilize funding more effectively and would like to participate in other
international cooperative programs. ESA representatives feel the need to be supportive of new technology,
such as onboard processing and large antennas, for Inmarsat, which will be facing increased competition
from the global commercial mobile satellite systems.
COMMENTS
ESA is under increased pressure from its funding nations to improve the industrial pay-off of its programs.
France, Germany, Italy and the U.K. are improving their commercial space programs to the point that they
are becoming increasingly competitive on an international scale and thus are more willing to “go it on their
own” to develop technology that gives them a competitive edge. Thus ESA recognizes the need to increase
its support of pre-competitive technology programs.
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Site:

ESTEC, European Space Technology Center of the
European Space Agency (ESA)
Keplerlaan 1
NL-2201 AZ Noordwijk ZH
The Netherlands
http://www.estec.esa.nl

Date Visited:

September 8, 1997

WTEC:

C. Mahle (report author), K. Bhasin, C. Bostian, W. Brandon, R. DePaula, N. Helm,
A. Mac Rae, J. Pelton, S. Townes

Hosts:

Mr. E. W. Ashford, Head of Communications Satellites
Department (contact person)
Mr. Alan Denton
Mr. Roberto Donadio
Mr. Stephen Felton
Mr. Mario Lopriore
Mr. Manfred Wittig

BACKGROUND
Mr. Ashford reviewed ESTEC’s history, charter and current status. As described in the previous WTEC
report (1993), ESA has "mandatory" and "optional" programs. Scientific satellites are still a "mandatory"
part of the "basic" program. Application satellites (in particular telecommunications satellites and
applications) are "optional," i.e., the member countries do not have to contribute and participate. Mandatory
programs must be funded by member nations according to a percentage of GNP; optional programs (for
instance the Telecom program) need participation by two or more countries on a voluntary basis to get
started. Funding from member countries pays for ESA’s operations (about 15 to 17% of the total funding)
and the rest is plowed back to industry. Typically a country will receive at least 90% of the share it paid in
(after ESA’s operations costs are subtracted), provided industry in that country can perform the required
work. In the last five years ESTEC experienced a time of tight budgets which resulted in a realignment of
some programs and a streamlining of the organization resulting in a merger of some management layers.
The telecom program is making a strong comeback; industry and governments in member countries like to
see work in Europe to counterbalance funding by the U.S. military and the Japanese government in support
of commercial satellite communications.
ESA funds programs in MAU (millions of accounting units, currently one ECU is equivalent to about $1.20).
ESA’s telecom funding is about 250 to 300 MAU (i.e., approximately $300 to $360 million) per year for
specific telecommunications space and ground systems. In addition, generic technology applicable to
telecommunications (for instance spacecraft batteries) is funded at about 40 to 50 million MAU per year
(about 25 million via TRP, and 10 million via GSTP). The total funding applicable to telecommunications is
therefore about 300 MAU per year. It should be understood that individual members have in some cases
substantial national programs in addition to ESA’s telecommunications work.
ESTEC has recently developed a remarkable flexibility in working with member states and industry to
accomplish work in the telecommunications sector in a timely manner. This shows in the ARTES program
where several different mechanisms of funding and program management are apparent leaving the
impression that ESTEC uses substantial administrative imagination to get work off the ground and keep it
running.
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RESEARCH AND DEVELOPMENT
Olympus was the last major satellite developed by ESTEC. Olympus was launched in 1989 and operated
successfully for several years despite a near loss of the spacecraft. The Olympus payload technology as well
as the results from many of its experiments were very valuable and have since been used in the industry.
Except for ARTEMIS and DRS, no new telecommunications satellites are planned in the future; ESA will
only fund non-recurring expenses (NRE) for new technology and applications/new service demonstrations,
that can later be turned over to industry. ESA’s work in telecommunications satellites and applications is
performed to help European industry to be competitive in the world market. Any technology spin-off from
ESA’s programs is for the benefit of industry. ESA will not develop a new telecommunications satellite
unless industry desires it and also funds at least a part of it. The operation of such a satellite would later be
turned over to an operating entity.
In addition, Mr. Ashford listed briefly programs by the European Commission (EC), and some national space
agencies and commercial operators as far as they are applicable to the telecommunications satellite sector.
Highlights of Europe’s current telecommunications work can grouped into a number of programs, many with
ESTEC involvement:
•

DRTM (data relay technology mission), an ESA program with two satellites ARTEMIS and DRS

•

ARTES, an ESA program with 12 program elements

•

third party programs with ESTEC involvement: EMS, GAMMA, SHARED Project

•

basic and generic technology, ESA programs TRP/GSTP

•

other European industry programs

DRTM Program
ARTEMIS (Advanced Relay and Technology Mission) is a satellite for the development, demonstration and
operation of data relay services operating at S-band, Ka-band, and optical frequencies. An L-band payload
complements the European Mobile Satellite (EMS) payload on ITALSAT F2. A navigation payload is
currently being added. Launch was originally scheduled on the Ariane 5 APEX flight, but will now be
launched on an H2A rocket in 2000. The financial envelope for the program is 800 MAU.
ARTEMIS is currently under construction at Alenia as prime contractor. The S-band link will collect data
from several LEO satellites and transmit it to a ground station. Three L-band spot beams cover Europe; a
single beam similar to EMS can be generated. The optical payload (SILEX) will communicate with a similar
payload on the SPOT 4 satellite. A defined common optical interface allows it to also work with the
Japanese OICETS satellite. The satellite uses ion propulsion (xenon thrusters) for station keeping
manufactured by MMS and DASA. The thermal/structural model has completed testing, a PFM is currently
being integrated and the ground segment is under development. An optical link simulation with the Japanese
OICETS satellite has taken place. The ground segment includes an optical station on the Canary Islands
(already in operation).
The DRS (data relay satellite) program envisages the development and operation of data relay satellites and
ground infrastructure operating at S-band, Ka-band and optical frequencies with LEO to GEO links. The
program was reduced to one satellite as ARTEMIS can provide the functions of the second planned satellite.
Phase 1 (proof of concept) has been completed; the program continues at low level until full funding is
decided upon by the JCB (Joint Communications Board) for the 1998 - 2001 time frame.
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ARTES Program
ARTES is an optional program and functions as an umbrella; 14 countries are currently participating.
ARTES has currently 12 elements, not all are fully funded. As it is an approved umbrella program,
individual elements can be started with relatively little administrative work.
A list of the 12 elements and their funding is presented in Table B.2.
Table B.2
Artes Programme Elements
Number

Name

Financial Envelope (MAU)

1

Preliminary studies & investigations

16.4

2

Onboard processing Step-1

21.2

3

Multimedia & high data rate systems

4

Telecom partnership programme

23.6 + 23.6

5

Advanced systems and telecom equipment

62.6 + 26.9

6

Advanced mobile systems

7

Experiments & demonstrations

8

Multi-orbit small satellites

9

Guidance & navigation satellite system- I

10

Guidance & navigation satellite system- II

11

Archimedes

12

Little LEO messaging service

9.4

32.1

21.9

The status of these elements was described as follows:
Element 1
Is funded until 1999 by all members according to the percentage of their GNP. (France and Italy are
expected to join soon.)
Element 2
Work on a laboratory model onboard processor (OBP) is almost complete; hardware testing is ongoing.
Element 3
Has recently been opened for subscriptions to develop multimedia and high data rate applications in
cooperation with the EC and national agencies. There are three main thrusts:
•

development of the satcom multimedia market

•

consolidation of the industry in the emerging GII satcom market
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•

pioneering of novel systems

Element 4
Was started by industry in the U.K. and is ongoing through 1999. It is funded 50/50 by industry and ESA.
ESTEC evaluated proposals and currently helps industry manage the program. Results should be applicable
commercially in about two years.
Element 5
Two phases are ongoing in parallel to develop techniques and not technology.
Element 6
This is currently on hold. It was intended to investigate LEO systems and will probably be re-started in
1998.
Element 7
Has been completed, additional effort will continue under Element 5.
Element 8
Development of an advanced small satellite bus with 500-1,000 kg mass intended for GEO, MEO and/or
HEO applications. It is currently on hold until a particular mission is identified.
Elements 9 & 10
These deal with a satellite navigation program. The primary application is air traffic control and navigation.
The program is carried out jointly with Eurocontrol and the EC. The program will initially use GPS and
GLONASS satellites. Element 9 is the EGNOS program to provide integrity information (supplementing
GPS and GLONASS) via L-band packages on 2 or 3 GEO satellites.
In the future, Element 10 (GNSS 2) is foreseen to proceed towards a full civil system, as a military controlled
navigation system is not acceptable to civil aviation.
Element 11
Archimedes (Advanced Research High Inclined Orbit Satellite): paper study of a satellite for radio
broadcasting in HEO, awaits decision by industry.
Element 12
Addresses little LEO messaging with two small satellites; Belgium and Germany participating; launch was in
late 1997 on a Russian rocket as secondary payload.
Onboard Processing
Details were presented on onboard processing and on the history and current status of optical intersatellite
link (ISL) work.
A laboratory model onboard processor has been developed under Element 2 of ARTES since 1994. Systems
engineering, concept validation and testing have been completed and processor prototype development is
ongoing.
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The processor application is for a GEO satellite with many spot beams in Ka-band; the user uplink data rates
range from 512 to 2,048 kbps with multifrequency TDMA access. The downlink to the user is a 32 Mbps
TDM stream. The processor architecture is laid out in multiples (N) of 262 Mbps. Total user population
would be 150,000 * N for 512 kbits and 1000 * N for 2,048 kbps per user. User interfaces are ISDN (circuit
switched) and TCP/IP (packet switched); both schemes are switched/processed onboard the satellite in a user
transparent manner.
The onboard hardware requires the following items still to be developed:
•

an multicarrier demodulator designed for 72 carriers with 512 kbps each

•

an MF TDMA user modulator to be developed as a VLSI chip

•

communications control for the master control station (hardware and software)

The system will be able to handle videoconferencing with many users.
Partners in the development are Alenia, Alcatel Madrid and Intraspazio Barcelona. Major subcontractors are
Bosch Telecom, Siemens Austria, Spar, IMT (Canada), Alcatel Belgium and Laben Italy.
Optical ISL Work
Optical work for ISLs started 1985 with a systems study using CO 2 lasers with data rates from 500 to 1,600
Mbps for LEO to GEO and GEO to GEO applications. A breadboard was built with a homodyne receiver
and a 10 W laser supporting a data rate of 1 Gbps bidirectionally. The program was completed in 1988.
The SILEX (Semiconductor Intersatellite Link Experiment) program started in 1986 using semiconductor
lasers for LEO to GEO applications with 50 Mbps and a GEO to LEO link with 2 Mbps. Later it was
recognized that the 2 Mbps return link was not essential. Laser diode power at the time was about 100 mW
at 800 nm (laser diodes by SDL, U.S.). Triple redundancy for the laser diodes is provided. Direct detection
is used with a sensitivity of 40 photons/bit (detector by EGG, Canada). A 25 cm dia. telescope has 3
detectors, one for the data, a CCD detector for acquisition and a CCD detector for tracking. Temperature
stabilization is performed to ± 0.5°C. Coarse pointing is performed via motors that move the main telescope
mirror, look-ahead fine pointing is accomplished with piezoelectric actuators moving a fine-steering mirror.
The two flight models are completed; the LEO model was delivered to the SPOT 4 satellite, the GEO model
to the ARTEMIS satellite at Alenia. ESA spent approximately 120 million MAU for SILEX and Matra
added some internal funding.
The SOUT (small optical user terminal) program is a cooperation with Matra Marconi Space (MMS) started
in 1991 and completed in 1995. This ISL terminal would be mounted in a LEO satellite of a user and
transmit data to a GEO satellite. It is based on SILEX technology and a breadboard demonstration unit was
built. For a flight model the mass would be 25 kg and the power 40 W. A 7 cm diameter refractive telescope
is used with a crosspointer mounting attachment close to the center of gravity. The laser is fiber coupled;
point ahead tracking is implemented. The size of the optical bench is 25 cm and the data rate is 2 Mbps.
With a different laser driver 50 to 100 Mbps can be achieved.
The SOTT (small optical telecom terminal) program started in 1995 and is also a cooperation with MMS. It
addresses high data rates for GEO to GEO ISLs. The laser diode assembly has 2 W output at 800 nm, the
data rate is 1 Gbps and a 20 cm diameter telescope is used. So far a paper study has been completed. Overall
mass and power are 50 kg and 100 W. The program is continuing as SOTT II at MMS for a LEO to LEO
ISL and will continue until 1998.
The SROIL (short range optical intersatellite link) program, started in 1996 and funded by ARTES (Element
5), is developing a miniaturized terminal at Contraves (Switzerland) for LEO to LEO ISLs. It uses a
Nd:YAG laser, homodyne detection using "sync bit" technology (a DLR patent) with a PLL and piezoelectric
tuning of the laser resonator. DLR achieved 4.5 photons/bit sensitivity in such a demodulator at 2 Mbps rate.
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The data rate of SROIL is 1.2 Gbps, the overall mass and power for a flight model 15 kg and 40 W. Size is
approximately 30 x 20 x 50 cm with a 4 cm dia. telescope. A breadboard demonstrator is to be completed in
1998.
SOLACOSS (solid state laser communication system) was developed by Dornier under German national
funding between 1991 and 1997. It uses a Nd:YAG laser; data rate is 650 Mbps and overall mass
approximately 75 kg. No follow-on work is currently planned.
The evolution of the optical technology for satellites over time is shown below:
Program
Telescope dia. (cm)
Mass (kg)
Power (W)

SILEX
25
160

SOLACOSS
15
75
75

SOUT
7
25
40

SOTT
20
50
100

SROIL
4
15
40

THIRD PARTY PROGRAMS WITH ESA INVOLVEMENT
European Land Mobile Service
As part of its activities in support of the initiation of a regional European satellite land mobile
communications system, ESA has leased capacity on Marecs and EMS to Nuova Telespazio (NTZ) to assess
the market for land mobile service at L-band. EMS is an L-band payload (60 kg, 400 W, EIRP > 42 dBW,
G/T > - 2 dBK, covering Europe) on ITALSAT F2, launched in 1996.
GAMMA Project
GAMMA (global architecture for multimedia access) aims to connect many users all over the world to many
servers via a high speed ring and invite user communities to develop applications. Currently, high data rate
experiments with Japan (MPT/CRL/Kansai, PII/NASDA/Keio University) are conducted via an INTELSAT
IOR satellite. The link has 2 to 6 Mbits data rate for multimedia experiments. In the near future, this link
will be established via a Ku-band satellite with the data rate eventually increasing to 45 Mbps and later to 155
Mbps. ESTEC has the modems (a Belgium company developed them) and knows what to do with 155 Mbits
data rate. This is funded 50/50 by industry. Core members are: Swiss Telecom, Newtec (Belgium), and
NTZ. Applications so far are: telemedicine/tele-education, Virtual Museum (NTZ), ISIS (Alenia), ISIS-TM
(Matra CAP) and video conference (France Telecom).
SHARED Project
SHARED is a telemedicine project initiated by an Italian user group including hospitals and the military.
The project has connected three hospitals (Milano, Roma and Sarajevo) since 1996 via a DICE multipoint
videoconferencing system and a EUTELSAT satellite. Recently, two hospitals were added to the system.
SKYPLEX
SKYPLEX is an on-board processor developed by Alenia for a digital TV system that uses technology from
ESTEC’s OBP work; it allows the combination of several digital TV uplinks in the satellite onboard
processor to form a DVB/MPEG type downlink. This equipment will fly on EUTELSAT Hotbird 4 in late
1997. Participants are: ESA, EUTELSAT, Alenia, Alcatel Espace, MMS.
ADDITIONAL EUROPEAN SATELLITE TELECOMMUNICATION PROGRAMS
The EC is funding the ACTS (Advanced Communications Technology & Services) Program.
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DIGISAT (Advanced digital satellite broadcasting & interactive services) and ISIS (Interactive satellite
multimedia information system) are EC programs with ESA involvement.
DIGISAT uses Hispasat at Ku-band for trials to provide small communities with an interactive multimedia
system. The return link uses secure CDMA technology. Participants are the EU (ACTS), ESA, Hispasat,
Philips, SAGEM, FUBA, RAI, Retevision, RTE, and Antenna 3.
ISIS is coordinated by Alenia to demonstrate direct-to-home interactivity. The program addresses a low cost
user terminal for DVB reception, which includes a Ka-band return link capability. Current satellites have no
capability for a Ku-band return link. The project will use TCP/IP embedded in the DVB data stream (about
30 Mbps); the return link is via frequency division multiple access (about 2 Mbps) and needs on the order of
2 W rf power at the Ka-band user terminal. ESTEC engineers believe that the cost of the Ka-band station
scales with frequency; it is not expected to be significantly higher than Ku-band equipment. Current
experiments use EUTELSAT Hot-bird and ITALSAT, which are collocated. Participants are the EU
(ACTS), ESA, EUTELSAT, Alenia, Philips, IBM Semea, RAI, NTZ, Space Engineering, MAC, Univ. of
Salzburg, Univ. of Florence, CUM, INTRACOM, and Balkan Press.
ARTE
The ARTE (Alternative Distribution Strategies for Real Time European Data) project is to investigate
opportunities for broadband communications via satellite in Europe. Currently, pilot projects are under way
to transmit earth observation image data at ESRIN to users. Today’s mechanism is shipment of CD-ROMs,
which takes weeks. Initially, a EUTELSAT satellite will be used to demonstrate the concept. The return link
will be via the Internet. In the fall of 1997, image data transmission via a broadcast satellite system
(DVB/MPEG) will start to demonstrate the benefits of the method. In the future, the return link will be at
Ka-band from the user to satellite (ITALSAT, collocated with a EUTELSAT satellite); as this link needs little
capacity, when errors occur, a retransmission of the lost packet occurs. In this way a Ka-band link with small
margin is feasible.
Currently ASTRA and EUTELSAT have data broadcast (DVB) commercially available via their satellites.
Astra 1H (to be launched in the next year) will be able to do interactive data broadcast with a Ku-band
forward link and a Ka-band return link.
CNES has been working on the STENTOR program since 1993. The program is developing a 2000 kg
satellite intended for GEO with 2,400 W in daylight and 1,800 W during eclipse. Three payloads are
onboard: an L-band aeronautical payload, a Ku-band multipurpose payload, and a propagation experiment at
20 and 44.4 GHz.
Alcatel is working on SATIVoD, a 32/64 LEO satellite system at Ku/Ka-band with uplink data rates of 16
kbps to 2 Mbps and downlink data rates of 16 kbps to 60 Mbps.
Alenia is working on Euroskyway, a GEO system with 4 satellites and with uplink data rates of 16 kbps to 2
Mbps and downlink data rates of 32.8 Mbps to users in Europe. Onboard processing and ISLs (622 Mbps,
optical) are used.
MMS is working on WEST; 1 to 2 satellites at GEO and less than 10 at MEO; uplink data rates of 32 kbits to
10 Mbps & 155 Mbps and downlink data rates of 10 Mbps & 155 Mbps.
MPT (Japan) and ESA are planning a Gigabit satellite at GEO with uplink data rates of 2 to 8 Mbps and
downlink data rates of 60 Mbps. Two satellites would be connected with a 1 to 2 Gbps optical ISL.
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FACILITIES
ESTEC has added several capabilities to its facility since the 1992 WTEC visit. Two multipactor evaluation
facilities ranging from 1 to 30 GHz with power levels up to several kW are located in the microwave lab.
The environmental testing area has two major new facilities, a 3-axis hydraulic shaker for very large satellites
and a large acoustic chamber capable of handling ENVISAT (an environmental satellite over 10 m long with
a large radar antenna).
COMMERCIAL OPERATORS
Europe has now at least three commercial operators: EUTELSAT, ASTRA and Hispasat.
CONCLUSIONS
In the last decade the telecommunications program at ESTEC has changed emphasis from large satellites
(Olympus, ARTEMIS) to a multiplicity of smaller programs in conjunction with industry, which uses
satellite technology (developed by ESA programs) and demonstrates new services.
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Site:

International Maritime Satellite Organization (Inmarsat)
99 City Road
London, ECTY 1AX
United Kingdom

Date Visited:

September 9, 1997

WTEC:

A. U. Mac Rae (report author), J. N. Pelton, K. Bhasin, S. Townes

Hosts:

Donald Kennedy, Director, International Regulatory Affairs
Terry W. Hart, Manager, Programs Office
Alan Howell, Manager, Space and Ground Segment,
Horizons Project
Roy Blane, Manager, Standards Department
Ram Manohar, Manager, Spectrum Department
George V. Kinal, Manager, Navigation & Multipoint
Services Department
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BACKGROUND
Inmarsat was formed in 1979 to provide satellite communications to ships at sea and distress and emergency
communications. It now provides mobile communications services to customers at sea, in the air and on
land. It also provides navigation capability to enhance the positioning accuracy of both the U.S. GPS and the
Russian GLONASS systems. Space segment revenue totaled $364 million in 1996, broken down as 75%
maritime, 23% land mobile and 2% aeronautical. Seventy-nine countries have a financial investment in
Inmarsat and it operates in about 160 countries plus all the oceans of the world. The U.S. signatory
(COMSAT) has the largest investment in Inmarsat, with a 23% ownership, followed by the U.K. with 9.4%
and Japan with 8.0%. Revenues increased from $328 million in 1995 to $364 million in 1996.
The council that oversees Inmarsat’s activities has agreed to investigate the possibility of the privatization of
this entity.
DISCUSSION
Inmarsat’s R&D budget, about $700,000 1996, is used to investigate the potential for new services and
applications of existing services. As can be expected, since it has global owners, Inmarsat does not receive
any R&D support from ESA. ICO Global Communications was initiated by Inmarsat, but those funds were
kept quite separate from the mainstream R&D funds. The four main areas of R&D are international
contracted work, extension of in-house expertise, tracking and influencing development of standards, and
services and applications development. Typical studies include current terrestrial services, better utilization
of existing space segment, advanced coding techniques, and DBS, navigation and high bandwidth services.
During a discussion on voice compression our hosts mentioned that the terrestrial mobile environment is
quite harsh, implying that the new mobile satellite entrants into this field may experience difficulty providing
acceptable service with 2.4 and 4.8 kbps voice.
While an appreciable part of its business is terrestrial mobile, this has been a difficult market to grow. The
“Mini-M,” the Inmarsat laptop PC sized terminal that sells for ~$3,000, is an attractive terminal for
customers. The typical customer pays ~$3 per minute, while customers on-board cruise ships pay ~$10 per
minute. The biggest problem in growing this business is not necessarily the cost of the terminal or the per
minute charges, but national regulatory environments. Restrictive “landing rights,” in particular, inhibit the
widespread use of the terminal. Despite the fact that Inmarsat is a global consortium, many nations do not
allow the use of Inmarsat terminals within their borders. The United States, one of Inmarsat’s owners, for
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instance, prohibits their use, presumably to protect AMSC. Other potentially large user countries that ban
the use of these terminals include Italy, China, Greece and Singapore. In many countries landing rights costs
are very high; the highest being the Congo with a $7,700 annual fee. Several thousand dollars per year is
quite common. Another barrier is high customs duties, starting with the highest of 70% from Uganda. One
can’t help but wonder how Iridium, Globalstar and ICO will fare unless these national regulatory barriers are
eliminated. Nationalism, or perceived nationalism, continues to be very much in evidence, as ICO still has
not been cleared to use their spectrum in the United States, since this spectrum is presently occupied by users
that are requesting billions of dollars to move to other portions of the spectrum. Village phones constitute
another potentially attractive market that has been difficult to break into, due to ability to pay and high cost
of financing issues.
Recognizing the importance of expanding into new markets, Inmarsat formed Project Horizons in 1995 to
identify new mobile high data rate market opportunities. It is also looking at increasing its navigation and
position determination services, but the open issue is the role of the U.S. government in the continuous
commercial use of GPS.
Clearly, Inmarsat recognizes the importance of obtaining more favorable global regulatory standards and
WRC-97 rulings. Since it does not have the staff to cover all such meetings it focused attention on the
preparation for WRC-97. One such area of attention, which is needed to enhance the globalization of
satellite services, especially at L-band, is to resolve the differences in the use of spectrum between regions,
particularly 1 and 2.
COMMENTS
Inmarsat will be facing increased competition when the new mobile satellite systems initiate service. To
date, its ability to improve its terrestrial mobile service competitiveness has been hampered by national
regulatory policies. It needs permission to operate in more nations, reduced (or no) license fees, and
freedom to transport terminals across borders. While there have been several favorable national decisions in
recent years, many more are needed to ensure Inmarsat’s continued role in global terrestrial mobile
communications. It continues to have a strong presence in the maritime market, but that too can be subject
to erosion, which Inmarsat recognizes, and it is investigating new service offerings, especially those at high
data rates and in navigation and position determination.
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Site:

Third Ka-Band Utilization Conference
Sorrento, Italy

Date Visited:

September 15-18, 1997

WTEC:

W. Brandon (report author), K. Bhasin, R. DePaula
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BACKGROUND
This conference incorporated material timely to this (1997 NSF) study on the rapidly emerging use of Kaband for advanced satellite communications, and hence in reported in summary form, analogous to a site
visit. It is important to note that this was the third annual meeting, but the report deals only with the 1997
conference. The meeting presented 84 technical papers on proposed systems, intersystem interference,
component and other technology advances, data transmission protocols, propagation, markets, regulatory
and policy framework, and other uses of Ka-band (such as tracking and data relay satellites (TDRS), deep
space and Skystation, a balloon-borne repeater concept).
KA-BAND SATELLITE SYSTEMS
The explosion in communications, overcrowding of lower bands, and success of the NASA ACTS,
ITALSAT and other international initiatives have provided the impetus for proposals for a large number of
national, regional and global systems in Ka-band (30 GHz uplink/ 20 GHz downlink). It is appropriate to
summarize the proposed systems as a baseline to this report. Table 3.2 on page 34 provides a partial
description of some representative systems in terms of parameters chosen to relate to the topics in this
summary report.
Data Relay Satellites
A special case exists in the realm of data relay satellites which are employing Ka-band intersatellite links and
high data rate downlinks. Unlike previous block versions of TDRS, the present program (TDRS H, I, J) does
not incorporate commercial band transponders in the payload. The uplink band (GHz) and the downlink
band (GHz) are adjacent to the commercial communications band and components developed for either
application may be useful in the other. Europe and Japan also operate data relay satellites. Although this
was not the intent, the continuing need for tracking and data relay operations may provide an avenue for
component and sub-system development for improvement of Ka-band communications satellites.
KA-BAND MARKET PERCEPTIONS
Multimedia
Most of the proposed systems are aimed (wholly or in part) at multimedia applications, meaning e-mail,
Internet connectivity, video distribution, graphics, bandwidth on demand, data broadcast, intranetworks,
financial and other data services for business. Eight papers focused on aspects of this new market and a
dozen other papers reviewed the topic in some sense; this section is a synthesis of the material on markets
from the entire conference. The dominant single impression regarding the multimedia market is that its size,
and temporal and spatial distribution are all speculative in some degree. Yet, the ability to mix graphics,
text, motion video and sound in a personal computer enables both the conception of satellite delivery and the
conviction that a multimedia market is endemic to the fact of computers. Three market segments are
generally identified: corporate or business, video distribution, and home or personal user. The other major
application is direct access to high data rate transmission (e.g., 55 Mbps or 155 Mbps) using ATM.
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The corporate market is the most likely driver for multimedia in Europe (videoconferencing and broadcast,
data broadcast and file transfer; telework, telemedecine, teletraining and disaster relief); of 250,000 terminals
estimated for the total market, 65% are corporate. This market will develop along different lines and lag
behind that of the United States.
In Europe, the consumer or home user market is perceived to be strongly dependent on terminal price and
bundling of interactivity and appealing programming for different European cultures and languages.
Because of present success of the Internet (2.5 million households to grow to 23 million subscribers by 2003
in Europe) the satellite multimedia market is predicted to grow around Internet-like access/applications. A
high speed return path is not considered a value added feature. Terminal price threshold may be $500 but
cost may be $700 to $1,000, requiring an intensive subsidy marketing campaign. That the market may
develop in unforeseen ways, has led to flexible design to adapt to market conditions (e.g., array antennas to
allow distribution of bandwidth and power into high traffic areas, reposition coverage on orbit, etc.) raising
interest in phased array antennas.
Video distribution includes distributing high definition digital motion pictures to theaters and enabling
distributed high definition video (HDV) production (i.e., providing a virtual studio environment for the
director who assembles scenes transmitted from remote teams).
Although many references were made at this conference to “market studies,” only one paper actually
outlined a market study. The background is the perception that introduction of satellite multimedia and
continuing spread and improvement of terrestrial capability will result in heightened user expectation of
access to these services beyond the coverage of fixed systems. Thus, whereas users will ultimately desire
mobile and transportable service, the planned systems are aimed at fixed terminals. This construct leads to
the notion of a system aimed primarily at mobile users, probably with laptop computer based terminals of
low cost. Larger and fixed users would then benefit from reduced size and cost of terminals. A range of
terminal types from handheld (<$1,000), high rate transportable ($2,000), to fixed high rate (>$10,000) were
defined to a range of users. Some of the details learned about applications are as follows:
•

Corporate: expert advice to major engineering projects in remote locations (e.g., oil and energy sector).
Retail and branch networks require VSAT service with reliability and availability dominating over cost
considerations.

•

Healthcare and Telemedecine: (remote lifesign monitoring; remote diagnostics; and teaching for
developing countries).

•

Developing Countries: Initially substitute for missing telephone infrastructure but able to transition to
data and other services later, at low cost.

•

Police, Security, Military, and Disaster recovery: LAN extension to mobile command centers;
substitute for missing telephone infrastructure to reachback to wideband gateways. In remote/rural areas
substitute for missing telephone infrastructure or reachback to gateways to wideband/international
connectivity. Another paper outlined a rationale for a similar capability for airborne military, national
leaders and executive travelers (i.e., mobile, high data rate).

Some amplifying applications concepts from other papers are: in business—banking, entertainment,
aerospace and utilities; for universities—distance learning, tele-astronomy, telecommunications protocol
evaluation; in medical services and telemedicine—client-server relational database/patient records
heterogeneous distribution, and telemammography (56 million U.S. distributed patients needing access to
ever centralizing medical specialization).
The gross domestic product (GDP) was cited as one of “the most important and stable indicators of
economic development” of a country (and used to predict traffic and even revenue). Studies also used
population centers as market predictors. Nevertheless, one view was that the rural telephony market was
likely to be the larger near term market for Ka-band, rather than multimedia. This is based on the concept
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that in some regions, the proposed MSS systems (aimed at telephone applications) will not have adequate
capacity to service the burgeoning market (e.g., China).
Applications Studies and Experiments
Related to the studies and market surveys are the demonstrations and experiments conducted by several
organizations.
Alenia Aerospazio is experimenting with fully satellite-based multimedia for telemedecine, tele-education,
tele-work, diffusion and newspaper distribution, and Internet access using a Ku-band uplink (Hot Bird) and a
Ka-band downlink (ITALSAT), under the European Commission’s ISIS and ESA’s IMMIS projects.
An experimental distributed network using satellite and terrestrial networks for tele-education and
telemedicine in Italy reported limited initial results from 400 hours of testing. A major finding (in teleeducaton) is that a symmetric configuration of 384 kbps represents a good compromise between service
quality and satellite capacity. In the unsymmetric case, the best results required a return link rate of 128 to
256 kbps with 384 kbps in the broadcast channel, thought to identify a basic difference between ordinary
video teleconferencing and tele-education. (This is in contrast to the above finding that the high data rate
return link was not considered a value added feature to the home user.) With the particular protocols used,
GEO roundtrip delay did not impact (user perceived) service quality.
REGULATORY ENVIRONMENT
In February 1997, 69 nations signed an agreement on international trade “in basic telecommunications
services” that is viewed as liberalizing the international regulatory environment, including satellite service.
However, reservations or caveats recorded by various national trade administrations could impact
multimedia satellite service provision. Lack of a definitive agreement is attributable to (1) the size of the
communications commerce (about $600 billion in 1996) and (2) the fact that government monopolies supply
services in many countries. Signatories account for 90 percent of the revenues in world telecommunications
services.
The agreement requires signatories to accord all World Trade Organization member states most favorable
status, i.e., not to treat foreign suppliers differently from nationals. A problem area exists in direct broadcast
satellites. The United States has traditionally viewed this as a form of “basic telecommunications” whereas
European Union nations treat it as “broadcasting.” The distinction is viewed as important due to cultural
concerns about content of audio-visual material, creating the tradition of separately treating this area. The
EU filed a statement that “commitments...do not cover the economic activity consisting of content provision
which require telecommunications services for transport.” This suggests that a real agreement has not been
reached on regulatory treatment of multimedia as “basic telecommunications.” One paper concluded that the
uncertainty about this fundamental definition would have implications for Ka-band systems.
Present filings for Ka-band systems appear to have exhausted nearly all the available spectrum. Data
presented suggested that many GEO satellites have requested the same orbital position and frequency
assignment. The use of large numbers of spot beams and various polarization schemes will allow some
degree of overlap in spectrum and orbit slots. No suggestion was made at the conference regarding
additional frequency allocation.
A part of the Ka-band (25.25 - 27.5 GHz) is used for earth exploration downlinks on a secondary basis, but
will eventually be overcrowded. Upgrading this to primary status is a WARC-97 agenda topic. Hopefully,
success in this area will not be balanced by a loss in the communications satellite bands.
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ONBOARD PROCESSING (OBP)
In addition to satellite array antennas, onboard processing is a major challenge in Ka-band systems; it is
required in order to realize the use of VSATs and spot beams with frequency reuse.
A new product scheduled to be available (engineering model units) in May 1998 is a programmable or
digitally controlled variable analog SAW filter. This device can be used to split a rf bandwidth into separate
channels for connection to a switch or demodulator.
Concepts for using the high data rates possible in Ka-band vary from switching high burst rates (from
different uplink beams) directly into downlink TDM data streams, to applying bursts to demodulators for
processing and reassembly into a TDM stream for downlink retransmission. Concepts of uplink burst rates
vary from 32 Mbps to 155 Mbps.
CRL described a conceptual design for a 2003 launch Gigabit Communications Technology Satellite that
would have 2 fixed and three scanning spot beams. Uplink rates could be 51.84 Mbps (3 channels/beam) or
155 Mbps (single channel/beam). A microwave switch matrix having a microwave center frequency to
allow large bandwidth, would switch these channels between uplink and downlink beams. For baseband
demodulate/remodulate processing, two approaches are being planned: a fully digital and a hybrid
analog/digital technique. The all digital approach was thought to be currently limited to about 60 Mbps and
the hybrid approach to about 200 Mbps. Concatenated codes would be used to achieve an error rate of about
10-10 needed for ATM.
ESA has previously developed an onboard processor incorporating a non-blocking switch capable of
switching 8,000 channels @ 32 kbps or 256 kbps. Studies recommended 256 channel switching 32 Mbps
streams for satellite applications, which was based on writing inputs to RAM. An ATM switch was being
implemented for use on a satellite, based on terrestrial switch technology. An Alcatel 1000AX switch,
implemented using 74K gate ASICs of 0.6 µm CMOS technology, is being adapted for satellite use by Bosch
Telecomm. A feature of the satellite version of the ATM architecture is the splitting of the termination unit
function into two parts, placing only a portion in the satellite. This defines a radio link (ground to space), but
appears to imply, as stated directly in several other papers, a preference for not using a “pure” ATM for
satellite transmission.
TRANSMISSION PROTOCOLS
Asynchronous Transfer Mode (ATM) was widely accepted for use in the multimedia satellite systems. ATM
can support diverse requirements from a variety of traffic sources and provide flexible, efficient switching
and transport. The primary problem with satellite ATM is due to the “latency” or the propagation delay time
for a satellite link. ATM was devised for fiber optic transmission (very low error rates and low latency).
When TCP/IP is used via satellite ATM, three issues appear: latency, slow start and congestion avoidance
algorithms and packet loss recovery.
The “latency” problem is really a result of the fact that TCP/IP requires periodic acknowledgement from the
receiver, requiring two round trip times in the satellite case. The standard TCP/IP limits transmission to 64
kbytes before receipt of an acknowledgement, or:
(Data Rate) x RTT = 64 kbytes = 512 kbits
where RTT is the round trip time. It can be appreciated that extending the allowable amount of data before
acknowledgement would alleviate this difficulty. Such an “extension” of the ATM protocol is defined and
must be employed for satellite communications. It is also true that very high data rates (e.g., in fiber) suffer
from this problem even with shorter delays. Therefore the issue is shared by both fiber and satellite
communications.
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The ATM Unspecified Bit Rate (UBR) service category is expected to be used by a wide variety of
applications and traffic sources, and hence is of importance for satellite transport. Similarly, TCP/IP used on
the Internet is of great importance to satellite transmission. A simulation was reported of performance of
TCP over ATM/UBR using three values of latency or Round Trip Time (RTT) to simulate ground
connection, multiple LEO hops, and a GEO satellite round trip (5, 100, 275 ms). The simulation measured
the throughput efficiency versus buffer size, for various numbers of traffic sources. With TCP selective
acknowledgment, about 0.5 RTT to 1.0 RTT is sufficient to provide 98 percent throughput to infinite TCP
traffic and a large number of sources.
One system design study, based on interoperability with UMTS, suggested use of an ATM interface
(effectively a termination) at the user satellite terminal, so that the satellite access could be optimized for
better performance.
ATM transmission experiments (156 Mbps, 200 MHz bandwidth) using N-Star were reported by CRL
together with plans to test IP with ATM and satellite-fiber connection.
KA-BAND COMPONENT PROGRESS
Improved components and devices were reported in two sessions (13 papers) but notably within a number of
papers on other topics. This data is summarized and ordered here by components for satellites (antennas,
SSPAs, LNAs, ISLs, processing repeaters) and ground stations/terminals.
Satellite Components
Satellite Antennas
Results of a trade study comparing a cluster of horns feed versus a 256 element array feed, in the context of a
gigabit/sec downlink with a few fixed beams and 3 scanning spot beams, was presented (Toshiba). The horn
feed was driven by a high power TWT with power switched to the appropriate horn for a given beam; the
array used one SSPA per element with spatial power combining. Comparison was made between phase-only
control and combined amplitude and phase control, with results suggesting that for scan angles greater than 5
degrees, gain of 50 dB can be obtained with phase-only control (uniform amplitude) for scan angles of less
than 10 degrees. A dual offset-reflector with a 4.05 meter main reflector configuration was recommended.
A related study (reported by CRL and Mitsubishi) recommended a 2,200 direct radiating element (selectively
populated or “thinned”) array, to be realized with MMIC devices using pseudomorphic HEMPT technology,
for SSPAs and LNAs to achieve the 72 dBw EIRP and overall noise figure (NF) of 4 dB. ESA is evaluating
a defocused array feeding a Gregorian reflector antenna. Ka-band phased array antennas were noted as “in
development” for Astrolink and TDRSS; ARTEMIS and DRTS have developed precision high gain reflector
antennas for tracking LEO spacecraft from GEO. An active array is under investigation by a Canadian
consortium; a scalable 7 element subarray at 30 GHz has been constructed. Elements have stripline feeds
with integral filters driving a dielectric resonator within a circular cavity capable of 5 percent bandwidth
(circular polarization). Most systems already in development employ fixed horn (cluster) feeds and large
reflectors.
Two innovative antennas were reported. One was a “reflectarray” consisting of a flat surface array of patch
radiators illuminated by a horn feed, thought suitable for attaching to a microsatellite. At the other extreme,
a 130 beam phased array composed of 736 elements, each with seven horns illuminating one lens, and the
elements attached to a spherical surface. The latter antenna was being developed for a balloon-borne
repeater (SKYSTATION).
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Low Noise Amplifiers (LNAs)

Various LNAs (for satellites) were reported, with the Mitsubishi paper reporting a near ultimate performance
at 1.0 dB (world lead). Reported performance specifications include the following:
• DRTS

1.9 dB

• CRL (Portable terminal) 2.6dB

• TDRS

1.6dB

• Mitsubishi (component)

1.0dB

• DRTS (another paper) 1.6dB
ESA has developed a Peltier cooled front end that could employ unscreened (i.e., not selected for low NF) pHEMTs with NF up to 3 dB, but yielding a 1.5 dB NF amplifier.
Satellite Transmitter Microwave Power Module (MPM)
A microwave power module—consisting of a linearizer, wideband MMIC driver, a short TWT
(miniaturized) and an integrated power supply—is being designed as a potential replacement for the entire
transmit rf chain. It is expected that by mid-1998, an MPM will be available at 108.8 kg, 30 to 130 watts,
with power consumption reduced by about 400 watts (to 5,383, compared with 5,789 watts current at the
time of this conference). The MPM is being designed to accept TWTs from AEG, NEC, and TTE.
Solid State Power Amplifiers (SSPAs)
Some progress in SSPAs for both satellites and earth stations was reported by Mitsubishi. For the 20 GHz
satellite SSPA, a Source Island Viahole FET was developed for low thermal resistance (18 o C/W) and low
parasitic inductance (1.6 pH). Using this device, a MMIC was developed; combining 16 MMIC chips
produced 43.8 dBm at 21 GHz, a world record for an SSPA at this frequency.
For 30 GHz, a high power MMIC approach with superior transistor development was employed to reach a
28.5 dBm output at 25 percent power added efficiency, intended as a driver stage. The transistor was a
pseudomorphic HEMT double hetero-layer structure with T-shaped gate, produced by electron beam
lithography. Power levels were indirectly reported in association with VSATs in a number of papers. The
most often quoted value is 1 watt. A 1 watt SSPA was mentioned in the ISIS (EC) project; and 2 watts for
IMMIS (ESA). Two watts was also developed for a VSAT power supply combining 4 MMIC chips, each
using two devices.
Terminal Components
Mobile Terminal Antennas
Several novel antennas for mobile platforms have been developed by CRL, including a waveguide slotted
array and torus reflector, both mechanically steered in azimuth, and an active phased array. The slotted array
requires separate antennas for transmit and receive. The transmit antenna has 16 leaky waveguides with 192
cross slots (for CP); the receive array has 12 waveguides and 142 cross slots. Both are 250 mm diameter,
and weigh about 4 kg. Transmit gain is 25.2 dB at 30.8 GHz with 5.7 o azimuth beamwidth and 17o elevation
beamwidth. Receive gain is 22.5 dB at 21.03 GHz (6.5o x 19.5º°). The design takes account of the fact that
the elevation angle to the COMETS satellite does not vary appreciably within Japan, and the antenna need
only be steered in azimuth.
The 21.03 GHz active phased array is fully steerable. Due to budget limitations, only a receive array has
been developed. It has 168 rectangular microstrip radiating elements, with integral 4 bit MMIC phase
shifters. The G/T is - 6.8 dB/°K.
The torus is a dual reflector with parabolic torus main reflector (200 mm diameter) and ellipsoidal subreflector. The beam is steered in azimuth by rotating the sub-reflector, and no rotary joints are required.
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Intended for 44 GHz receive and 47 GHz transmit experiments, the antenna also assumes a small variation in
elevation angle, with elevation beamwidth of 12o and elevation beamwidth of about 10o. The complete
antenna is 425 mm in diameter and 400 mm high, and weighs 16 kg.
Modem Technology
Motivated to achieve a low cost modem for two way multimedia applications, CRC reported development
evaluations of alternative modems for the suitcase terminal developed for the ACTS program. Direct I&Q
mod and demod were investigated for Ka-band and compared with L-band (implying separate up or down
conversion). Direct L-band mod/demod performance was within 2 dB of theoretical and similar to 70 MHz
IF modems, at 1.544 Mbps. At 20 GHz, the direct I&Q modem was again within 2 dB, but at 30 GHz, the
discrepancy was larger (about 4 dB).
Portable Terminal
CRL is developing a portable Ka-band terminal with a 64 element patch array for both transmit and receive
(~17 dB antenna gain, 1 watt, 290K system temperature, intended to support 2.4 kbps).
Ka-band Propagation Studies
Fifteen papers (plus three in a special evening workshop on ITALSAT results) addressed propagation
measurements, rain models, automatic fade compensation and methods of accounting for rain in system
design. A considerable amount of new rain fade data has been acquired by researchers throughout the world.
A comparison of ten different rain models incorporating 21 station-years of new data with 86 station-years of
prior data at Ka-band produced some surprises. The DAH rain model (named for authors Dissanayake,
Allnut, Haidara) produced better results (RMS error relative to measured values average over the set of
stations), for example, than the Crane model for U.S. locations. (The Crane model is said to be under
revision.)
Gaseous vapor absorption can be critical at Ka-band, especially for small antennas with low margin links.
Some discussion ensued about whether it was useful to separate vapor, rain, and wetting of the antenna and
feed losses. The last is really not a propagation loss, but is nevertheless real. (Wet antenna reflector, feed or
radome losses up to 6 dB have been observed and may corrupt propagation loss data.) A method of
combining independently estimated losses was described. Automatic compensation algorithms were
described. The availability for various services is determined by the margin and local fading.
Availability of 98 to 99.5 percent is typical of the performance promised by the proposed systems. No
experimental work has apparently been performed to relate availability to customer satisfaction.
Other Uses of Ka-band
Ka-band (32 - 34 GHz) is used for deep space, interplanetary missions. Transponders, which receive and
retransmit a high power ground transmission, are used to track deep space trajectories. Since the transponder
uses LNA, up and down converter, and SSPA or TWT, and efficiency, light weight, and low power
consumption are important, transponder developments for deep space tracking may have important
technology spillover benefit to communications satellites. Major weight reduction projects are underway.
REFERENCES
Proceedings of the Third Ka-band Utilization Conference. 1997.
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Site:

Krasnoyarsk State University (KSU) and NPO/PM
Krasnoyarsk State University
79, Svobodny pr.,
Krasnoyarsk, 660041, Russia

Date Visited:

October 1, 1997

WTEC:

Neil Helm (report author)

Hosts:

Prof. Alexander S. Provorov, Rector
Prof. Vladimir I. Petrishchev, Vice-Rector for International Relations
Prof. Valentin B. Kashkin, Head of Laboratory, Physics and
Engineering

Discussions with the following Russian officials are also included in this report:
Prof. Michael K. Chmykh
Krasnoyarsk State Technology University
akad.Kirensky str.26
Krasnoyarsk, 660074, RUSSIA
Valery Vladimirov, Director
Scientific-Productive Company
“Electron”Scientific Centre, Academgorodok
660036, Krasnoyarsk, RUSSIA
Dr. Vladimir Cheremisin
NPO Prikladnoi Mechaniki
Zheleznogorsk, RUSSIA
BACKGROUND
Krasnoyarsk is a city in central Siberia of about one million people that grew rapidly during WWII, with the
movement of vital defense industries from the European sector to an area nearly 2,000 miles southeast of
Moscow. With the beginning of the Soviet space age NPO/PM was given responsibility for many satellite
systems, including nearly all of the defense and civil communications satellites. NPO/PM has built more
flight spacecraft (perhaps more than 1,500) than any other single entity, and at one time had the only satellite
assembly line in operation. Similar to the WTEC visit five years ago, this author was initially promised
entree to NPO/PM, but last minute security regulations prevented a visit to the facilities, more than 50
kilometers outside of the central city. This NPO/PM facility, long called Krasnoyarsk-26, had its name
changed to Zhelengorsk. However, it was possible to visit informally with a number of officials who were
present at the State University or in the city at a conference. KSU is the largest arts and sciences university
in the area, and like the Krasnoyarsk Polytechnic Institute, which was visited in more detail five years ago,
has over 10,000 students and has close ties to the local industries.
RESEARCH AND DEVELOPMENT
KSU had faculty and students working on shipboard mobile terminals (similar to Inmarsat terminals), and
fairly new laboratory areas were taking data from meteorological and communications satellites for
environmental projects, but no new R&D facilities or activities were seen. One faculty member, Prof.
Valery Vladimirov has started his own company “Electron” that produces ground terminal amplifiers,
switches and filters. There are a number of ground terminal companies in the area, and similar to the
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observations five years ago, the equipment is rugged and probably reliable but larger and heavier than the
comparable components and devices made in the West.
A communications and remote sensing satellite conference was taking place in Krasnoyarsk during this visit
and the author visited with Dr. Vladimir Cheremisin, a senior NPO/PM official who briefly reviewed three
NPO/PM spacecraft that were on display at the conference.
SPACECRAFT
GONETS
GONETS is a LEO spacecraft that was first launched in July of 1992. The second generation design,
discussed in more detail in WTEC’s report five years ago, was similar to the Iridium design, with a 225 kg
spacecraft with intersatellite links working to handheld terminals. However, only a small number (6 or 8) of
the early design have been launched, and they are used for store and forward low bit rate communications.
GALS
GALS is a direct broadcast satellite that has been in operation for about five years. In addition to TV
broadcast, these satellites are used to provide newspaper and facsimile service to many remote villages.
ALEKON
ALEKON, one of the newer NPO/PM satellites, is a LEO spacecraft with an active phased array antenna for
mobile communications at S-band. The satellite may also have models with C-band, Ku-band and possibly
Ka-band communication capabilities, and may be adaptable to the higher MEO and GEO orbits.
Additional Communication Satellites Built by NPO/PM
There is general knowledge of additional communications satellites built by NPO/PM that were not on
display. The following are two spacecraft being built as part of a joint venture by NPO/PM:
Siberian-European Satellite (SESAT)
Russia joined EUTELSAT in 1994 in some discussions of the use of Russian spacecraft. In 1995, the
SESAT joint venture was formed by NPO/PM and Alcatel of France to build a new EUTELSAT satellite
with options for two additional spacecraft. The spacecraft will have 24 (18 active and six spares) Ku-band
FSS and BSS transponders of 72 MHz. Alcatel will provide the communications payload and NPO/PM will
provide the bus and the final test and integration, as well as the integration with a Proton launch vehicle.
Yamal
RAO Gazprom, which supplies most of the natural gas for the Russian Federation, is the customer for two
communications satellites named Yamal (for a Siberian peninsula of that name) with NPO Energia acting as
the prime. The spacecraft payloads are being supplied by SS/Loral and NPO/PM will mate them to its bus
and do the final test and integration, including the Proton launch. These modest, 10 C-band transponder
satellites are in final test and should be launched soon. The Yamal partners have kept open their agreement
to increase the size and scope of the Yamal spacecraft for other customers.
FACILITIES
The Krasnoyarsk industrial area is trying to make the adjustment from being nearly exclusively supportive of
defense requirements, to being competitive in the Federation if not the international marketplace. The large
aluminum and steel factories are marketing to Western customers, and this industrial expansion is keeping
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Krasnoyarsk busy and looking prosperous, which is more than can be said for many of the smaller cities in
the former Soviet Union that were reliant on one industry that is now not able to compete in the open market.
In the satellite communications equipment area, NPO/PM must have the test and integration equipment to
provide these last crucial steps in the fabrication of the Sesat and Yamal spacecraft.
CONCLUSIONS
In the past five years, KSU and the approximately 30 other academic and technical institutes in the
Krasnoyarsk area have lost much support from the defense establishment. This has resulted in hardships on
the faculty members who used the defense research to supplement their salaries. Junior faculty now make
about $100 per month and the deans and senior faculty make approximately $200 per month. However, the
universities are open and the students are well dressed and seem eager to learn. It is noteworthy that the 30
universities and institutes in this area of one million people have an engineering enrollment of some 30,000
students. Even the largest U.S. cities, or cities of one million with a large land grant state university, don’t
train as many engineers.
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Site:

Matra Marconi Space
31, avenue des Cosmonautes
31 402 Toulouse Cedex 4 - France
http://www.matra-marconi-space.com

Date Visited:

September 11, 1997

WTEC:

A.U. Mac Rae (author), J. Pelton, K. Bhasin, S. Townes

Hosts:

John W. Carter, Technical and Quality Director
Jackie Jouan, Deputy Director, Systems Engineering
Laurent Gauthier, Spacecraft Architecture & Com Systems Mgr.
Serge Flamenbaum, Divisional Mgr. Technical & Industrial Planning
Daniel Herlemont, Marketing Mgr. France
J. Brouquet, Marketing Directorate

BACKGROUND
Matra Marconi Space (MMS), a joint venture company wholly owned by Legardere SCA of France and
GEC of the United Kingdom, is Europe’s largest spacecraft manufacturer, with about 10% of the world’s
market in 1996. It has facilities in both England and France, with a total workforce of 4,700. In 1996 it had
$1.6 billion in revenue. It also has financial interests in several space related companies located all over the
globe. In addition to spacecraft, its products include communications ground terminals and sub-systems for
rocket launchers and the international space station. Its sales breakdown is 26% civilian communications
satellites, 30% science and civilian earth observation, 25% military and 19% launchers, manned flights and
ground systems. Its principal spacecraft locations and associated activities are as follows:
Toulouse (France)

Stevanage (UK)

Bristol (UK)

Manufacture communications,
scientific and earth observation
satellites

Manufacture communications
satellites

Manufacture scientific and earth
observation satellites

Ariane vehicle equipment bay

Antennas

Space instruments

Satellite control systems

Structure, propulsion, electronics

Satellite control systems

Data management systems

Ariane Spelda

Ground systems

Ground communications systems

Recent commecial communications satellites contracted in whole or par to Matra Marconi include the
following:
Afristar 1

Inmarsat 3 payload

Asiastar 1

Intelsat K-TV

Astra 2B

Nilesat

Caribstar

Orion1/2

Hispasat

ST-1

Hotbird 2/3/4/5

WORLDSTAR 1/2/3
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Inmarsat 3 contains an advanced mobile communications payload, consisting of flexible spot beams for
voice and data for use with the small Inmarsat Mini-M laptop PC sized terminals. In addition, MMS is the
prime contractor for the ESA sponsored SILEX optical ISL experimental package for the ARTEMIS
experimental advanced GEO communications satellite. Recent satellites are standardized with the
EUROSTAR platform, which has already accumulated 50 years of on-orbit use. It offers a 10-15 year
lifetime at GEO, a launch mass of up to 4,600 kg and power from 6 to 16 kW.
At the time of this WTEC visit discussions were being held between Matra Marconi and Daimler-Benz to
merge their spacecraft activities into a new company by 1998. This merger would then create a large, strong
European spacecraft manufacturing entity.
TECHNOLOGY ACTIVITIES
The initial discussions during this WTEC visit concentrated on the organizational structure and the activities
associated with operating as an integrated company. Duplication of facilities between the U.K. and France
are called for since some of its customers prefer one location over the other for the manufacture of their
satellites. MMS communications satellite business is increasing, and it is developing new technology and
improving facilities to meet the needs of potential customers at competitive life-cycle costs. The life-cycle
cost factors include not only the initial cost, but also rapid delivery, and costs linked to launch weight and
life in orbit. Economies of scale and the development of efficient manufacturing processes are part of the
Matra Marconi program to reduce costs. Active participation in science missions and programs such as
SILEX for the ARTEMIS satellite as well as military missions ensure the insertion of new technology and
modern manufacturing practices into all satellite programs, including the commercial ones.
Our hosts believe that future commercial satellites will be bigger and demand more power than existing
satellites. Much of this is driven by the needs of the DBS and mobile satellite businesses. One factor in the
development of new technology is the support of the French government sponsored (CNES) STENTOR
program. The highlights of the Matra Marconi new technology activities include the following:
Electric Propulsion
They are licensed to use the Russian static plasma engine that uses xenon as its fuel and will deliver an Isp of
1,500 sec. An ion engine developed with DERA (U.K.) will fly on ARTEMIS.
Thermal Dissipation
Work is being done on two phase fluid, deployable heat pipes and radiators.
Optical
ISL (optical intersatellite links) for ARTEMIS are being developed.
Intra-satellite data links to replace the heavy copper cabling are also under development.
Power
Li-ion batteries (90 W/kg) are being investigated.
GaAs (on Ge) solar panels offering 15-20 kW are under development in near time frame.
MMS has also established Project WEST, an interactive, broadband, multimedia satellite initiative, a major
European contribution to the GII. While still being defined, it will probably work at Ka-band and consist of
satellites located at GEO in the first phase and GEO/MEO in the second phase. Its initial appeal will be to
corporate users with up to 10 Mbps bandwidth on demand. It will also have capability for video/DTH.
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Coverage will include Europe as well as North Africa and the Middle East using numerous spot beams. It
will probably be a unit of Matra Marconi, 10% ownership, similar to the Motorola/Iridium business model.
Critical satellite technologies for WEST will probably include the following:
•

onboard processor

•

multibeam antenna (with single feed per beam)

•

active antenna at Ka-band with matrix amplifiers and phase tracking

•

optical ISL

The SILEX program involves 90 people working in Toulouse and Stevenage. Its mission is to relay video at
50 Mbps between orbiting satellites SPOT 4 (LEO) and ARTEMIS (GEO) and then to earth. It has a design
lifetime of 10 years, 25 cm OD telescope, 130 W power, pointing accuracy of 1 arc second and uses GaAlAs
laser light sources. Our hosts indicated that they expect that a second generation version of this package will
be available for insertion into commercial spacecraft, including constellations, by 2000.
We visited the company’s state-of the-art high bay area, which appeared to have the capability of assembling
5 or 6 large satellites at a time, and also visited the very active Ariane 4 and Ariane 5 Vehicle Equipment
Bay electronics control assembly area. The adjacent INTESPACE facility, in which MMS is a shareholder,
has a high bay area, which has total capability for thermal-vac, acoustic testing and a compact antenna range.
This was followed by a tour of impressive components, board and software (both onboard and ground),
development, assembly and test areas.
The WTEC visit concluded with a discussion of the UNOM (Users, Network Operators and Manufacturers)
project. This is an experiment to provide file transfer capability between facilities in Europe via satellite and
terrestrial means using ATM, at OC-3. Matra Marconi has responsibility for much of the protocol work and
its testing and has results on the transfer of files using TCP that are similar to those in other labs, pointing to
the importance of the satellite communications community working together and with the Internet
Engineering Task Force to improve the efficiency of TCP over satellites at high bit rates.
COMMENTS
Matra Marconi Space is a world class supplier of communications spacecraft and has technology and cost
programs in place to ensure its competitiveness in the future.
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Site:

Matra Marconi Space
Gunnels Wood Road, Stevenage
Hertfordshire, SG1 2AS, England

Date Visited:

September 9, 1997

WTEC:

W. Brandon (report author), R. DePaula, C. Mahle, K. Bhasin

Hosts:

John W. Carter (principal host), Technical and Quality Director
Mr. G.T. Horritt, Manager, Civil Communication Satellite Div.
Colin Stickland, Engineering Director, U.K. Operations
John R. Watson, Engineering Manager, Skynet 5
Geoffrey Rhodes, Department Head, Communication Systems & Repeaters
David Robson, Mobile Systems Manager, Sales Department
Cliff Barber, Senior RF Engineer, Ground Systems Directorate

BACKGROUND
Matra Marconi acquired Ferranti and British Aerospace in 1994. The leading satellite manufacturer in
Europe, Matra Marconi Space has achieved a turnover exceeding 1.3 billion ECU ($1.6 billion). Of the
5,000 professional staff, about half are located in the U.K. at Bristol (science and earth observation),
Portsmouth (telecommunications and radar payloads, ground systems, antennas), Stevenage
(communications satellites, antennas, ground communications, and Spelda payload fairings), and at Poynton,
Cheshire (ground rf equipment, satellite terminals, and sub-assemblies). Seven business units comprise the
organization: Manned Flight and Launch; Military Space (France); Science and Optical Observation; Civil
Telecommunications; Science and Radar Observation; Military Space (U.K.); and Ground Systems. The
company’s activities in U.K. and France are integrated. With particular emphasis on ground terminals, Mr.
Carter is based at Velizy, France, and has staff at the other major sites. The prominent identification of
military business units indicates an assumption that this area will continue to be a significant market.
Currently, military activity for France (15 percent) and U.K. (9.6 percent) nearly equal the size of the civil
communications satellite (26 percent) and civil scientific and earth observation activities (30.4 percent). The
largest customers are the European Space Agency (ESA), the Ministry of Defense of France and the Ministry
of Defense for U.K. Briefings were provided on the civil communication satellites, payloads, the EAST
system, advanced buses, the WEST system, satellite manufacturing and integration, antennas, and ground
terminals.
RESEARCH AND DEVELOPMENT
Civil Communication Satellites
A Systems Engineering and Architecture group comprising 60 staff, about equally split between Toulouse
and Stevenage, conduct advanced planning studies, prepare proposals, and provide matrix support to
development and production programs.
A chart showing the history of satellites produced by Matra Marconi indicated steady progress in size and
complexity, with the HOTBIRD 3 being the most recent launch (as of the time of this WTEC visit).
HOTBIRD’s (33 Mhz bandwidth) transponders can each support up to 10 TV broadcast channels and will
fuel the further expansion of direct broadcast in Europe. The design for ORION provides 34 Ku-band, all
solid state transponders (15 watt GaAs SSPAs), producing 4 times frequency re-use.
These satellites use the 2000+ bus (about 5 or 6 kW payloads and 3.2 ton launch weight), and provide a
suitable experience base for advanced systems such as EAST.
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MMS provided payloads for Inmarsat 3, the world’s first mobile satellite with global and spot beams, with
spectrum and power apportionment reconfigurable between beams.
The EAST System
The Euro-African Satellite Telecommunications (EAST) was conceived by MMS to provide fixed and
mobile service to Eastern Europe, Central Asia, the Middle East, and Africa. A market analysis by KPMG
estimated 10.6 million users for FSS and 2.6 million for MSS in this region.
The EAST mobile sub-system will support handheld, vehicular and notebook terminals based on cellular,
DSP, SIM card, and other technologies, with target costs on the order of $1,000. The terminal architecture is
modular, and derived from mobile handheld terminals, intended to result in broader commonality of
components. For Ku-band, up and down converters will produce interfaces to the L-band handheld
technology.
EAST is to be an integrated system with PSTN and GSM compatibility to provide least cost routing and
roaming. True mobile to mobile connectivity is possible.
The L band payload will include an antenna of about 13.5 m diameter, an array feed of about 2.5 m diameter
and ~100 elements. A full digital onboard processor (demux/route/beamform/remux) is being developed
using 2.5 to 3.0 volt ASICs. The processor is estimated to weigh >100 kg and consume 1.5 kW of power.
Matra Marconi has pioneered in producing sophisticated L-Band payloads for mobile communications in
MARECS and Inmarsat 3.
The WEST System
The Wideband European Satellite Telecommunications System (WEST) is a GEO Ka-band system for
interactive multimedia services. As for the EAST system, the architecture begins with the terminals. A
population of 100,000 private users for Internet and interactive services are predicted by 2005; the terminal
for this application is a 0.7 m dish, with 2 dB NF and a 2 watt SSPA. Uplink rates of 32 kbps to 384 kbps
with a 2 mbps downlink are envisioned. Professional users would operate with symmetrical, two way data
rates of up to 10 Mbps. A smaller VSAT business terminal (1.5 to 1.8 m) is being crafted for a price below
$1,000 and would operate at 1.5 Mbps. Satellite throughput would be on the order of 6Gbps (64 beams with
up to 155 Mbps burst rates).
Satellite Antennas
Matra Marconi has accomplished leading edge designs for a number of satellite antennas. Proprietary design
software is responsible for some of the advances in dual reflector Gregorian designs. The ASAR synthetic
aperture 5.3 GHz radar antenna is an example of a state of art design; the array is 10 m long by just over a
meter in height; there are 20 panels of 16 modules each. Each module has 32 dB antenna gain, 2.8 dB NF,
and an 8 W pulse transmitter. The ERS-1 and ERS-2 satellites have two passive arrays.
An interesting concept mentioned was the attempt to achieve some synergy between defense and civil
applications in antennas.
Other Payload Components
Technology areas in which Matra Marconi produces leading edge components include payload processors,
SSPAs (e.g., 1 W Ka-band, 22 W L-band), LNAs (e.g., 0.9 dB L-band and 3.5 dB at Q-band); channel
amplifiers having the lowest mass with respect to competition; output multiplexers (example of a 13 filter in
one manifold design) accomplished in two weeks using proprietary software control of the fabrication and
alignment.
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Buses

The use of a standard bus was initiated in 1986. Currently, a family of large GEO buses is available with the
3000 model expected to be qualified in 1997. The sizes are given below:
Bus

1000

2000

2000+

3000

Wt. (tons)

1.6

1.6-2.3

2.3-3.4

3.4-4.6

Power (kW)

1-2

2-4

4-7

6-16

<400

<550

<1000

Payload (Kg) <200

Matra Marconi has accumulated 150 years of on-orbit life with 99.98 % service availability history. Some
advanced technologies include electric propulsion (Russian design being manufactured by SEP in France),
deployable heat radiators, and advanced battery technology.
A small bus called LEOSTAR is in development for use on scientific and earth observation missions (e.g.,
optical or radar) but might also be applied to communications. It is designed for rapid buildup and low
recurring cost. The attitude control can be varied to match the requirements of the payload. Payload weights
of 200 to 500 kg may be accommodated.
Manufacturing philosophy is evolving into a product teams approach. With its capability in the U.K. and
France, Matra Marconi has considerable flexibility in addressing manufacturing as well as development,
using extensive clean room, antenna range and other facilities.
REFERENCES
MMS. Briefing charts on the Civil Telecom Directorate, covering division’s organization, present development
directions, and prior satellite developments. 18 pp.
____. Company Profile. Brochure listing essential statistics on sales, size, ownership, activities. 2 pp.
____.Communications—A Measure of Man’s Progress.
capability, facilities and products. 14 pp.

Brochure describing satellite communications experience,

____. Selected charts on Inmarsat 3, ORION-1, ASTRA 2B, and future vision.
____. Space Solutions. Brochure outlining activities in earth observation, communications, space science, launch and
manned flight. 18 pp.
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Site:

Moscow Aviation Institute
Volokolamskoye shosse 4
Moscow, 125871, Russia
http://www.mai.ru/english/index.htm

Date Visited:

September 30, 1997

WTEC:

Neil Helm (report author)

Hosts:

Prof. Viktor P. Demin, Director, Radioelectronics Department
Prof. Dmitry I. Voskresensky, Chair, Microwave Antennas
Prof. Alexander Yu. Grinev, Chair Microwave Antennas & Feed Devices
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Discussions with other Russian officials included in this site report:
Prof. Alexander P. Reutov
Joint Stock Company, Interseismicprognosis
78, Profsoyuznay st.
Moscow, 117420, Russia
Dr. Vladimir N. Voronkov, Chief of Direction of Information Projects
International Center of Payloads of Space Objects
Olimpiysky prosp., 50, Mytishy
Moscow area, Russia
Prof. Victor A. Nevrovsky
Moscow State University of Aircraft Technology
27, Petrovka str.
Moscow K-31, 103767, Russia
Prof. Alexander P. Kurochkin, Head of Antenna Systems Department
VEGA-M Scientific and Production Corporation
34 Kutuzov ave.
Moscow, 121170, Russia
Prof. A.I. Bugrova, Moscow Institute of Radio Engineering
Electronics and Automation and Technical University
prosp Vernadskogo 78, Moscow 117474, Russia
BACKGROUND
While the Moscow Aviation Institute (MAI) is the primary institute visited, this site report covers the
activities of a number of technical universities and institutes in the Moscow area. The former Soviet Union
used these technical universities not only to prepare future engineers and scientists, but also used the
professors and senior faculty as chief designers and project leaders for their defense and civil space
activities. In contrast to the United States, which has only a few examples of academic research institutes
given responsibility for leading large projects, such as the Lincoln Labs/MIT and the Jet Propulsion
Lab/CIT, Russia has hundreds of these large academic/research institutes. MAI, for example, has over
10,000 students. This Russian cooperative system used its government contracts to subsidize the pay of the
faculty and their graduate students. The severe downsizing of the Russian military, far greater than in the
United States, has thrown these technical institutes into a level of near poverty. Mid-level faculty have
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salaries of $100 per month, and senior faculty including academicians make approximately $200 per month.
Many of these leading academics drive taxis and do other menial jobs to support their families.
RESEARCH AND TECHNOLOGY
Spacecraft Antennas
Professors Voskresensky and Grinev led the discussions at the Moscow Aviation Institute on their work on
advanced spacecraft antenna designs, especially in the area of active phased array antennas and hybrid optoelectronic processors. They discussed design and construction principles of array antennas having multielement transmit and receive amplifiers combined with hybrid opto-electronic signal processors. They also
discussed radio-optical arrays, a class of multi-channel wideband receiving antennas with wide angle
panoramic scanning with time division signal processing. They displayed some bench-board spacecraft
antenna component hardware that demonstrated a knowledge of advanced technologies in signal processing,
coherent optics, microwave and laser components, along with electro-optics and acousto-optic devices. MAI
faculty members are not working with NPO/ELAS, which has reputedly developed an advanced
electronically steered active phased array antenna with onboard switching. This antenna technology is
scheduled to fly on a Bankir/Coupon spacecraft being built for the Russian Central Bank.
Spacecraft Ion Plasma Thrusters
The Russians have studied the use of ion engines for spacecraft control, with publications and development
by A.I. Morozov going back to 1968. The Russian space program currently has a good test history of
plasma thrusters, and two YAMAL satellites jointly being completed by NPO-Energia and SS/Loral will fly
Russian built xenon plasma thrusters for station keeping. Prof. A.I. Bugrova, a student and now colleague of
A.I. Morozov, discussed work she is doing at the Moscow Institute of Radio Engineering, Electronics and
Automation on advanced plasma thrusters, and demonstrated two laboratory thrusters including one
completing lifetime cycle testing. The current plasma thrusters, while reliable and fairly simple, operate at
efficiencies of 50 to 55% with powers in the range of 0.5-2 kW with thrusts in the range of (2-10) x 103
dynes. A disadvantage of the current thrusters is a large divergence of the outgoing jet (~+45 degrees.)
Prof. Bugrova’s research is working to increase the accelerator efficiency by 15-20%, and to decrease the
divergence to <+10 degrees. She demonstrated the work of her group with laboratory thrusters, one just
completing life tests. She acknowledged that her recent work on plasma thrusters has been performed under
contract with the French company SEP.
INFRASTRUCTURE
In the five years since the previous WTEC review of a number of the academic/research institutes in the
Moscow area, there were few visible increases in test equipment, computers and laboratory facilities.
CONCLUSIONS
With the sharp reduction in the last decade of the Russian Federation’s defense and space activities, the
numerous academic and research universities and institutes have fallen on hard times. The defense contracts
allowed senior faculty to work on research and to hire graduate students and young faculty to assist with the
research. These academic centers are full of well trained engineers and scientists who are extremely open to
working with outside academic and commercial entities. Plus, these engineers and scientists often have
decades of experience in designing and building equipment that must operate in space. It would seem that
countries that have little or no space experience, such as Korea, but want to have an active satellite
communication system in the near future, could use the experience of the Russian researchers.
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Site:

Nuova Telespazio
Via Tiburtina, 965
00156 Roma, Italy
http://www.telespazio.it

Date Visited:

September 11, 1997

WTEC:

J.N. Pelton (report author), N. Helm, W. Brandon

Hosts:

Dr. Vincenzo Voili, Director, Technical Engineering and Systems
Giacinto La Giola, Services and Space Systems
Luigi Ruspantini, Director, Television Services
Alberto Cenci, Head, Facilities and Systems Engineering

189

BACKGROUND
There has been a basic restructure and reorganization of Telespazio and its parent company (now Telecom
Italia) since 1994/1995. All of the telecommunications services and equipment manufacturing companies
that were once a part of the STET group have been consolidated under Telecom Italia. In terms of services,
there is Telecom Italia, Telecom Italia Mobile, Iridium Italia and Nuova Telespazio. (Former designations
such as SIP, Italcable, SIRM, and IRITE are no longer used in the consolidated organizations.)
Telecommunications equipment manufacturers under the Telecom Italia umbrella include Italtel/Telsi, Sirti,
Telsof Sodalia, Finsiel, and SEAT.
Alenia and the other parts of the former STET are in different units under the restructuring. Overall,
Telecom Italia is a very large organization with 132,000 employees. Its overall gross revenues for 1995 and
1996 were $22 billion and $30 billion, respectively. Nuova Telespazio after the reorganization was
streamlined about 10% to 1000 employees. Further streamlining and staff reductions are envisioned for the
overall Telecom Italia organization, but staff levels for Telespazio are likely to remain much the same over
the next few years. Revenues of about $300 million were realized by all of Telespazio’s operations and
increases to perhaps $400 million are envisioned for coming years, with satellite television services being
the largest and fastest growing market.
Telespazio is largely an operational service provider and spends only a small amount on R&D. Its focus on
the future is thus largely directed toward investing in and supporting new ventures. These activities include:
(a) participation in Euteltracs; (b) participation in future space navigation systems (especially Genesis 2)
with ESA; (c) supporting the European Mobile Satellite package on ITALSAT F2; (d) providing Orbcomm
messaging services in Europe; (e) participation in the ground system deployment of the Iridium system for
14 countries in Europe, for South America, as well as providing Iridium services; and (f) consideration of
participation in one or more of the new high data rate multimedia satellite systems.
R&D ACTIVITIES
Rather than having an explicit R&D program, Telespazio has concentrated on technology transfer through
such programs as Orbcomm, Iridium, Euteltracs, and a high data rate multimedia satellite system to be
decided on in the near future. Although Telespazio does design and build its own experimental satellites, it
has participated in many such programs over the years.
SERVICES
The role of Telespazio as part of Telecom Italia is as a service provider. Its services are divided into seven
strategic business areas:
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1.

narrow band (voice and data) telecommunications for public networks

2.

business user (wider band) networks

3.

television

4.

mobile communications (messaging—Euteltracs, Prodat, and Orbcomm) and (voice/data—Iridium)

5.

earth observation

6.

space systems and services

7.

systems and services for defense

For voice and data services, Telespazio utilizes EUTELSAT, INTELSAT, ITALSAT, and Orion. For
television, Telespazio utilizes: EUTELSAT, INTELSAT, Panamsat and Arabsat. Telespazio is a
particularly strong supporter of EUTELSAT, as demonstrated by being the first user, currently using some
40% of the system and strongly supporting the use of the soon to be deployed EUTELSAT "HotBird" over
the SES Astra system. (At the time of this WTEC visit there was little use of direct-to-the home satellite
service, but rapid sales were expected once HotBird is deployed.
There are a number of areas where Telespazio is looking for future service offerings. These are space
navigation (especially Genesis 2), expanded mobile satellite services and new Ka-band high data
rate/multimedia services (system participation to be defined).
Navigational Satellite Services
Telespazio has participated in the latest definition study of a European navigation satellite program known
as Genesis 2. Telespazio would like to play a strong role in the future definition and deployment of the socalled Egnos advanced space navigation system.
New Mobile Satellite Services
Telespazio is the key player in the deployment of the Orbcomm store and forward satellite system in
Europe. By 1998 the system will be fully deployed and initial service was beginning in 1997—typically via
4.8 kbps data channels. One of the key services to be provided will be Viasat, which will provide services
to the mass auto market with regard to radio location, security and special assistance and messaging
services. Orbcomm services will be provided in Europe through a European Partnership (EPS-MCS) in
which Telespazio holds 64%. Telespazio is the key organization in Europe for Iridium. It is involved in the
system control for Europe and the engineering, implementation and operation of the Iridium gateways for
Europe. It is also a key participant in Iridium Italia, which has the exclusive service provider rights for 14
European countries (essentially the same as ESA member countries). It is also participating in the definition
of the second generation of Iridium.
New Ka-band Satellite Service
There is keen interest in participation in the provision of future broadband high data rate multimedia
services (384 kbs to 6 Mbps) in Italy and overseas. Definition studies and possible collaborative
arrangements are under study by Telespazio and its parent organization Telecom Italia.
SUMMARY
Nuova Telespazio is clearly the most broadly active and aggressive user of satellite communications
services in Europe. This is supported by being a part of one of the major telecommunications services
providers (Telecom Italia), its historical leadership role from the beginning of INTELSAT and its unique
structure and organization that allows it to focus on space applications, as opposed to other European
telecommunications service providers, which are focused on terrestrial telecommunications rather than on
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satellites. To date, no one in Europe has chosen to follow the Telespazio model. The strong programs in
television, global telecommunications, business services, and earth observation seem likely to continue with
new programs likely to be added in navigation, in messaging, in mobile voice and data and in broadband
services.
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Site:

Communications Research Laboratory
Ministry of Post and Telecommunications
4-2-1 Nukui-kita
Koganei, Tokyo 184, Japan
http://www.crl.go.jp/index.html

Date Visited:

June 3, 1997

WTEC:

A. Mac Rae (report author), K. Bhasin, C. Bostian, W. Brandon,
R. DePaula, N. Helm, C. Mahle, S. Townes

Hosts:

Dr. Takashi Iida, Director, Planning Divisions, CRL
Dr. Hajime Fukuchi, Head, Planning Section
Dr. Kenichi Araki, Chief, Space Technology Division
Naokazu Hamamoto, Chief, Mobile Satellite Communications Section
Yoshinori Arimoto, Chief, Satellite Communications Section; Kashima Space
Research Center
Ryoichi Imai, Sr. Researcher, Space Communications
Dr. Hiromitsu Wakana, Sr. Researcher, Planning Division
Ryu Miura, Advanced Satellite Communications Section

BACKGROUND
The Ministry of Posts and Telecommunications (MPT) is a government agency that funds the
Communications Research Laboratory (CRL). It is a national institute with the charter to do advanced and
fundamental research on information and communications, environmental science and materials science. Its
goal is to be a Center of Excellence in research fields of telecommunications, information sciences, radio
science and radio applications. It has established high standards for its research by hiring excellent people
and exchanging people with other institutions. It encourages its staff to publicize its results by publishing
their results in highly regarded journals and presenting papers at international meetings.
Many of the research programs supported by CRL involve satellites. The CRL research program is as
follows:
•

•

Information and Communication
−

Highly intelligent communications
This research includes investigations into the use of satellites for interconnection of terrestrial
facilities in a multimedia network.

−

Human and biological informatics

−

Communication technologies in the manned space era
This research includes satellite broadcasting, mobile satellite communications, intersatellite
communications and space optical communications. The activities include research on low-earthorbiting satellite communications systems, satellite cluster systems and high data rate satellite
communications systems.

Environmental Science
−

Solar and planetary science
This satellite work includes investigations into the safety of man in space, the Japanese Mars
mission and research on the upper atmosphere.
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•

−

Global environmental science
Satellites are used to detect and measure global rainfall.

−

Time and space systems science
Satellites are used for very long baseline interferometry and laser ranging.
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Material Science
−

Material science and quantum electronics.

CRL has nine principal facilities in Japan. The headquarters are located at Koganei and it contains people
investigating space communications, terrestrial wireline and cellular communications, broadband
communications and communications sciences, with many of the people having skills in rf technologies. It
operates an antenna facility in Kashima, where most of the satellite communications measurements are
made. Kashima contains numerous antennas, including a large steerable 34 meter diameter. This facility is
located northeast of Tokyo and is reached by a two hour bus ride.
Ten per cent of the CRL budget, 2 billion Yen (~ $18 million), is spent on space communications R&D and
this represents a 10% increase over the 1996 budget. This budget includes funds for the research facilities
but does not include the cost of the construction of experimental satellites.
RESEARCH ACTIVITIES
The technical program for the day was divided into two parallel sessions, requiring the WTEC team to split
into two groups, one covering mobile satellite communications, the other high data rate and optical satellite
communications
Mobile Satellite Communications Discussion
Most of this meeting addressed two advanced experimental communications satellites, ETS-VIII and
COMETS.
ETS-VIII (Engineering Test Satellite) is in the design stage and is expected to be a 3,000 kg dry mass GEO
satellite that will be used primarily for studies of multimedia mobile communications between the base
station and handheld terminals, mobile receivers in cars and trucks, and portable stations such as laptops as
well as for studies of digital audio broadcasting. It will use a newly developed 3 ton class bus and is
scheduled for launch in 2002 onboard an H-IIA launch vehicle. It will be located at 146º East, and will be
used to test an S-band handheld telephone system, mobile packet data, and audio broadcasting
communications services. Special features include an on-board 1,000 channel telephone circuit switch and a
1 Mbps on-board packet switch.
•

The first objective of this GEO satellite is to test a communications service based on the use of S-band,
two way, small, low powered handheld mobile terminals for voice and low bit-rate data.
Communication between the terminals is based on a 35 kbps TDM, five user designs with each channel
having a 4.8-5.4 kbps data rate. An on-board processor and switch is used to provide call by call
connectivity between mobile users, each of whom can be located in any of the areas covered by the
multiple spot beams. Communication between the on-board switch and the PSTN is via a Ka-Band
feeder system. The low power of the terminals is achieved with the use of an on-board, high gain, active
phased array antenna with three steerable spot beams that will cover the main part of Japan with two
advanced S-band, 13 meter diameter antennas. These large unfurlable antennas were also described
during the team’s visits to NASDA and Toshiba. They will feature 31 feed elements with micro-strip
radiating sections composed of touching 1 wavelength diameter cups, with each cup capable of radiating
20 watts of rf power. It will use four Fujitsu devices to form a 20 w S-band SSPA, each with an
efficiency of over 30%. Separate transmit and receive antennas will be used to minimize PIM. This onboard switch/computer system is being designed, and will be based on the use of radiation hardened gate
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arrays with a SRAM based memory size that has yet to be determined. Software will be loaded from the
ground.
•

A second objective of this satellite is to test multimedia services to mobile users. It will use a 1 Mbps
packet switch system that features 64 kb per packet with multiple user slotted Aloha. The ground
terminal is briefcase sized, with a 6 dB gain patch antenna having 20 watt peak rf output.

COMETS (Communications Engineering Test Satellite) is an experimental GEO satellite that will be used to
test out new communications and broadcasting technologies, such as mobile communications and high
definition TV (HDTV) and is scheduled for launch in early 1998.
•

It features Ka and S-band intersatellite link equipment, which will be used to communicate with LEO
satellites at altitudes of up to 1,000 km, using a 3.6 meter diameter antenna. This antenna is mounted on
a gimbal to acquire and track the satellites. NASDA, ESA and NASA have planned joint experiments
on this satellite.

•

Joint NASDA/CRL advanced broadcasting experiments will involve Ka-band transmission of HDTV
and Integrated Services Digital Broadcasting (ISDB). Direct broadcasts to the home will be possible
with the use of a 200 w TWTA. Two spot beams, one covering the Tokyo area and the other covering
the southern island of Kyushu, will be used in these experiments.

•

The Advanced Mobile Satellite Communications Equipment (MCE) experiment will use two Ka-band
and one mm wave transponders, with interbeam connections. The satellite includes a 150 Mbps ISL that
was designed to communicate with ADEOS, which was to accumulate experimental data and forward it
to COMETS. Unfortunately, power system problems, have made ADEOS non-functional.

•

A receive only Ka-band ground vehicle antenna consists of 168 microstrip patch antenna elements, with
low noise amplifiers and phase shifters located behind each element. The beam pointing accuracy is 1º
rms.

High Data Rate Communications Discussion
Most of this discussion focused on a proposal for a Ka-band “Gigabit Satellite,” which CRL would like to
launch in 2002. The purpose of this satellite is to investigate high speed global multimedia applications,
with seamless connectivity with the terrestrial network. Three classes of service are being considered:
gigabit (1.2-1.5 Gbps) using a 200 watt, 0.5-1.2 meter OD terminal, very high data rate (155 - 820 Mbps)
using a 100 watt 1.2 -2.3 meter OD terminal, and broadband multimedia (1.5-155 Mbps). The satellite will
feature five scanning spot beams. Direct radiating active phased array and active phase array fed imaging
reflector technologies are being considered. The gigabit and very high data rate links will use SS/TDMA
and the broadband multimedia will use SCPC/TDMA (up) and TDM/TDMA (down), with onboard ATM
switching. Optical (not rf) ISL will be used. CRL is expected to work with Mitsubishi on the K/Ka-band
antennas and SSPAs, NEC or Mitsubishi for the ATM switch, NEC for the digital modems and Toshiba for
the analog modems.
A discussion followed on CRL’s free space optical communications program. CRL was responsible for the
optical package on the ETS-VI satellite. While this satellite did not reach its planned GEO orbit, researchers
in Japan and the U.S. (JPL) were able to use the optical payload for space-ground link communications
studies at 1 Mbps. The next phase of this program is OICETS, which will demonstrate a 50 Mbps LEO to
GEO link. The “Gigabit Satellite” mentioned above will use two types of ISL. The first will function at 0.8
microns, with wavelength division multiplexing, and intensity modulation with direct detection, to obtain
four 300 Mbps channels. The second type will use two channels of 1.2 Gbps DPSK at 1.54 microns
wavelength. This higher speed system is the precursor to future 10 Gbps experiments, envisioned for 2006.
These higher speed links will also be part of the laser communications demonstrations for the Japanese
Experimental Module aboard the International Space Station. CRL is recognized in Japan as the center of
excellence in advanced technologies for optical communications and remote sensing. To support this effort,
they are studying “light wavefront control technologies,” which include lasers, detectors, high speed
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modulation/demodulation, propagation, superconductivity for optical devices, and lightwave/radiowave
conversion.
Comments
CRL is a world renowned institution devoted to fundamental and advanced research on satellite
communications. Its primary focus is on mobile and high data rate multimedia satellites, optical
communications technology, and satellite/terrestrial communications systems experiments. It uses metrics as
a measure of the interaction of its research staff with the global satellite research community, encouraging
the publication of the results of their work in refereed journals and the presentation of talks at international
conferences. It works closely with Japanese industry to optimize the technology transfer process.
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Site:

Fujitsu Limited
1-1, Kamikodanaka 4-Chome
Nakahara-ku, Kawasaki 211-88, Japan
http://www.fujitsu.com

Date Visited:

June 4, 1997

WTEC:

W. Brandon (report author), C. Bostian, A. Mac Rae, S. Townes

Hosts:

Yoshikazu Toyama, General Manager, Space Technology Development Group
Sachio Miyazaki, Manager, Satellite Communication Systems Department
Shigeru Suzuki, Assistant General Manager, Multimedia Business Development
Toshiaki Saito, Director, Hi-Rel Device Design, Compound Semiconductor Div.
Masafumi Shigaki, Section Manager, Communications Systems Department, Space
Technology Development Group
Kazunori Yamanaka, Senior Researcher, Inorganic Materials and Polymers
Laboratory, Fujitsu Laboratories Ltd.
Takashi Saito, Project Manager, Communications Systems Department, Space
Technology Development Group

BACKGROUND
Fujitsu Limited was established from the Communications Division of Fuji Electric Co., Ltd. in June 1935
and has become a world leader in computers and telecommunications. With about 167,000 employees,
Fujitsu owns manufacturing facilities in 34 overseas locations and throughout Japan. Sales of $45 billion in
1996 were approximately 70% computer related, 20% communications and 10% electronic devices. Some
current notable products include a VSAT system for multimedia communications, space robots, a mobile
satellite news gathering van, microwave components (FETs and HEMTs) and MMICs, and the satellite
tracking and control system. Five presentations sampled current research and development related to
satellite communications.
RESEARCH AND DEVELOPMENT
Solid State Power Amplifiers
Dr. Shigaki reviewed some products in solid state power amplifiers. A 56 watt, 37.4%, 2.5 GHz amplifier
has been developed. A 0.5 watt, 38.0 GHz amplifier for onboard satellite “KIKU VI” was briefly described.
GaAs FETS
Fujitsu started its microwave device business in the United States in 1976 and has been a market leader for
space applications since 1980.
The Fujitsu FL30 device used by RCA (SATCOM 4) was the first SSPA. This technology changes about
every three years for higher power, higher efficiency, etc. It is paradoxical that once a particular device is
used and its reliability accepted, it becomes difficult to replace it with an improved product.
The key point is the confirmation of reliability. Some comparative data was given for type “7” and type “2”
transistor devices, showing how Fujitsu accomplishes accelerated life tests to confirm reliability.
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Table C.1
Comparative Data for Type “7” and Type “2” Transistor Devices
Device Type

"2"

"7"

Gate Metal

Al

WSi/Ti/Au

S/D Metal

AuGe/Ni/Au

AuGe/Ni/Au

Passivation

Silicon Nitride

Silicon Nitride

Lg(u)

0.8

0.6

Failure Mode

Catastrophic

Catastrophic

(Ohmic contact)

(Gate void)

The use of gold was said to have improved life by 500 times. The new failure mode (ohmic contact) has
now been made visible after the change to gold. Some comparative data for two versions (6 watt and 7 watt)
of the “7” design illustrated the use of accelerated life test at high temperature, with calculated MTTF of 2 x
1010 hours.
Some space qualified devices provide 42 dBm at L-band and 39 dBm at X and Ku-bands, the highest
performance on the market. Fujitsu is striving for a 30 watt device. Fujitsu wants to provide samples of
pHEMT within one year. Development of a Ka-band MMIC is expected to require 2 years.
High Temperature Superconductors
Mr. Yamanaka discussed research on HTS for use as transmit and receive filters. The HTS filters will
provide unloaded Q values of 10 to 100 times that of conventional filters. Resulting performance
improvements have the equivalent effect of increasing the effective EIRP.
Materials used are YBCO, YBaCuO (Tcn 90K), BiSrCa CuO Bi2221 phase (Tcn 80-90K) and 2223 phase (Tcn
105K). Thin films are deposited on MgOLaA103 and thick films on MGOLa A103+A1203. Some
comparative performance results were shown for X-band filters showing a ten fold reduction in Rs.
Satellite Systems
An overview revealed the rapid introduction of new communications services into Japan. Multi-channel
digital TV broadcast and Internet access via satellite will begin within a year. Superbird, JCSAT and BS
satellites will provide DirecPC, DirecTV, PerfecTV, and data broadcasting.
Fujitsu was scheduled to begin a high speed 1 to N multicasting data distribution service in July 1997. The
value of this service can be seen by comparing delivery times for various modes of delivery in Table C.2.
Table C.2
Delivery Times for Various Modes of Information Delivery

.

Media/File Size

3.5 in. FPD
1.4 Mbytes

CD ROM
640 Mbytes

Fuji Satellite Info.
Delivery System (FSIS)

5.7 sec

44 min

OCN, INS64 (128 kbps)

87 sec

660 min

Telephone (33.6 kbps)

341 sec

2,600 min

Physical Delivery

2 days

2 days
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A consumer application is the advertising of 9,000 used cars/week, requiring distribution of a gigabyte to
over 3,000 locations, which was not possible with the terrestrial network. The data broadcast service enables
this volume of cars to be sold at auction
REFERENCES
Fujitsu Limited. Annual Report. March 1996.
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Site:

The Institute of Space and Astronautical Science (ISAS)
3-1-1 Yoshinodai
Sagamihara, Kanagawa 229, Japan

Date Visited:

June 5, 1997

WTEC:

S. Townes (report author), J. Pelton, A. Mac Rae, W. Brandon, C. Bostian

Hosts:

Tadashi Takano, Professor, Radio Tracking Engineering (host)
Keiken Ninomiya, Professor, Director Usuda Deep Space Center
Haruto Hirosawa, Professor, Project Manager HALCA
Takahiro Yamada, Communications/Operations
Takaji Kato, Associate Professor, Orbit Determination
Kozaburo Inoue, Spacecraft Communication
Hirobumi Saito, Associate Professor, Planetary Spacecraft
Jun Onoda, Rocket Systems
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BACKGROUND
The Institute of Space and Astronautical Science (ISAS) is a national institute for space and astronautical
science research. It is a part of the Ministry of Education, Science, Sports and Culture. As such, it has close
ties to Japanese universities, particularly the University of Tokyo, which was its birthplace, and plays a role
in promoting university-based activities and on-site graduate education. In addition to fundamental research
and applied research in space science and technology, ISAS is a project-oriented organization with a long
history of launch vehicles and scientific spacecraft. The 1997 budget for ISAS was 21.41 billion yen.
Organizationally, there are nine research divisions within ISAS. These are Space Astrophysics, Space
Plasma, Planetary Science, Basic Space Science, Space Systems Engineering, Space Transportation, Space
Propulsion, Spacecraft Engineering, and Space Applications. There are two technical divisions: Space
Operations and Engineering Support. Within the main campus are three centers for specific research: Space
Utilization Research Center, Center for Planning and Information Systems, and Center for Advanced
Spacecraft Technology. The last is involved in the development of technology to facilitate the transition to
smaller, more capable scientific spacecraft. There are four facilities located apart from the main campus.
Kagoshima Space Center has facilities for launching rockets, telemetry, tracking and command stations and
optical observation. Noshiro Testing Center is used for propulsion research. Sanriku Balloon Center
launches, monitors, and controls payloads carrying scientific balloons. The Usuda Deep Space Center
(UDSC) is the location for the 64 m deep space antenna, which is capable of X and S-band operation.
ACTIVITIES
There is a history of rocket development at ISAS for both satellite launch and sounding. The most recent
and largest of ISAS’s Mu series is the M-V, which is capable of lifting an 1,800 kg payload into LEO.
An example of the types of communications systems that are used by ISAS is that aboard the GEOTAIL
spacecraft. This scientific satellite is monitoring earth’s magnetosphere and was a joint ISAS-NASA project
launched in 1992. The communication system, built under prime contract to NEC, comprises S and X-band
systems for command, telemetry, and ranging. Spacecraft communication is compatible with both the
UDSC and NASA’s Deep Space Network.
Another fascinating and more recent satellite is the MUSES-B (Mu Space Engineering Satellite) or HALCA
(Highly Advanced Laboratory for Communications and Astronomy) Space Very Long Baseline
Interferometry (VLBI) satellite, launched in February 1997 aboard the first M-V rocket. The diagram of the
onboard science subsystem is shown in Figure C.1. The satellite receives astronomical signals at 1.6 GHz,
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5 GHz, and 22 GHz using the 8 meter diameter deployable antenna shown in Figure C.2 and built by
Mitsubishi. The antenna is deployed using six extensible masts, which provide tension for the gold-plated
mesh. The entire structure has a diameter of 10 meters and a mass of 247 kg. One of the experiments is to
ascertain how reliable the surface tolerance is in space, particularly at 22 GHz. The non-cooled HEMT
LNAs have noise temperatures of 35-40° K at 1.6 and 5 GHz, and 150° K at 22 GHz. Since there is no
hydrogen maser onboard for precise time and frequency reference, this is accomplished using the Ku-band
system shown in Figure C.1 for “phase transfer.” TT&C is handled at S-band in a conventional manner.

Fig. C.1. HALCA payload diagram (Hirosawa and Hirabashi 1995).

Fig. C.2. MUSES-B spacecraft antenna deployment test
(http://www.isas.ac.jp/docs/MV/E.M-Vreport.html).
There is ongoing work in development of next-generation spacecraft technology. This covers a new concept
in onboard computer architecture, a digital transponder, inflatable deployment mechanisms, data recorders

Appendix C. Japanese Site Reports

201

with higher density memory devices, and lightweight star sensors. Lightweight nickel-metal hydride (NiMH) batteries are being developed for the LUNAR-A and PLANET-B missions. The new 15 Ah Ni-MH
battery weighs less than 70% of the old Ni-Cd battery of the same capacity. Electric propulsion will be used
in the MUSES-C mission in 2002.
SUMMARY
ISAS has a very vigorous program in scientific and technical research for space science. As in the United
States, such scientific endeavors are under intense scrutiny for budget cutting. Nevertheless, the staff at
ISAS continues to look for innovative ways to develop more cost efficient systems, without compromising
the science value of the missions.
REFERENCES
Hayashi, Tomonao, et al. 1994. Japanese Deep-Space Station with 64–m Diameter Antenna Fed through Beam
Waveguides and its Mission Applications. In Proceedings of the IEEE Vol. 82(5): 646-657.
Hirosawa, Haruto et al. 1996. Design and Development of the Space VLBI Satellite for VSOP (VLBI Space Observatory
Programme). Space Technology Vol. 16(3): 161-167.
Hirosawa, Haruto and Hisashi Hirabayashi. 1995. VLBI Space Observatory Programme (VSOP) Satellite. IEEE AES
Systems Magazine, June: 17-23.
http://www.isas.ac.jp
ISAS. Annual Report (1995).
Yamada, Takihiro. n.d. Ground and Onboard Communication Systems for GEOTAIL. Handout.
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Site:

Japan Satellite Systems Inc. (JSAT)
Toranomon 17 Mori Bldg. 5F
1-26-5 Toranomon, Minato-ku
Tokyo 105, Japan
http://www.jcsat.co.jp/

Date Visited:

June 2, 1997

WTEC:

N. Helm (report author), K. Bhasin, R. DePaula, C. Mahle, S. Townes

Hosts:

Mr. Takuya Yoshida, President
Mr. Naoshi Suzuki, General Manager, Corporate Planning Department

BACKGROUND
The Japanese telecommunications industry deregulation that occurred in 1985 allowed formation of private
companies such as Japan Satellite Systems. Two companies were formed that year: Japan Communications
Satellite Company, Inc. and Satellite Japan Corporation. In 1993, these two companies joined to become
Japan Satellite Systems Inc. (JSAT). Ownership of JSAT is held by four Japanese Corporations: ITOCHU
Corp., Mitsui & Co. Ltd, Sumitomo Corp., and Nissho Iwai Corp., each with approximately 25%.
JSAT is providing satellite communications systems and services in Japan and the Asia-Pacific area. With
four operational satellites and a fifth satellite that was due for launch in November 1997, JSAT provides
wide area services to companies for video teleconferencing, data, fax and telephone audio, but does not
supply multiplexed telephony. In addition, it supplies high quality television for broadcast and cable TV
stations. JCSAT-1 and 2 provide services to Japan, but also have beam coverage over much of China,
Korea, Taiwan, Hong Kong, Singapore and even as far east as the state of Hawaii. JCSAT-3 covers the
countries mentioned above and also covers much of Russia and India, and goes south as far as Australia and
New Zealand.
JSAT joined with four additional corporate investors (Sony, Toyota, NEC and NTT) to form PerfecTV.
PerfecTV provides digital multichannel TV via JCSAT-3 to small dishes in homes and businesses. In
addition to subscriber TV channels, services include “pay per view,” “video on demand,” and high quality
music channels. A future PerfecTV service is the broadcasting of data to personal computers and interactive
bi-directional dialogues using telephone landlines from individual PC operators.
RESEARCH AND DEVELOPMENT ACTIVITIES
JSAT does not have a large research and development activity, but has worked closely with a vendor to
produce a small (45 cm) antenna for remote satellite news gathering applications. It also has larger mobile
stations for remote sports coverage and public interest events.
EQUIPMENT AND FACILITIES
JSAT currently maintains, manages and operates two Hughes (HS 393) satellites, JCSAT-1, launched in
1989, and JCSAT-2, launched in 1990, located at 150 and 154 degrees east, respectively. These satellites
have 32 Ku-band transponders for nominal NTSC television. In addition, JSAT has two Hughes (HS-601)
satellites, JCSAT-3 and 4, that provide Ku and C-band services. JCSAT-3 began service in November 1995
and JCSAT-4 began service in April 1997. JCSAT-5 and 6 were under construction at the time of this visit
and were scheduled for launch in late November 1997 and June 1998, respectively. Command, control and
operations are maintained through its Yokohama Satellite Control Center and Gunma backup station.
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MISCELLANEOUS OBSERVATIONS
The WTEC team had a delightful conversation with the president of JSAT, T. Yoshida. He talked about the
large market potential for direct-to-home broadcasting to Southeast Asia, and how JSAT is working to find
access rights to many of the countries in that region.
JSAT is a carrier for Internet providers, but does not currently operate a direct-to-PC service. In Japan, the
current home use of computers is far smaller than the office use.
Asked about technologies that would be helpful, Mr. N. Suzuki replied that lower launch costs and cheaper
satellites would be most helpful to an operational company like JSAT. Also, he mentioned that the
development of low cost CDMA systems and equipment would diffuse the home use earth station terminals.
Mr. Suzuki noted with pleasure that Japan does not use the auction process for frequency allocations.
CONCLUSIONS
JSAT is a successful satellite communications company providing largely video services to businesses and
the broadcast industry. It has developed a good set of business and broadcast applications, such as
equipment to provide satellite news gathering services. It is poised to expand its services to many countries
in the Asia-Pacific Region.
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Site:

Kansai Advanced Research Center (KARC)
Communications Research Laboratory (CRL)
588-2, Iwaoka
Kishi-ku, Kobe 651-24, Japan
http://www-karc.crl.go.jp

Date Visited:

June 6, 1997

WTEC:

K. Bhasin (report author), J. Evans, N. Helm, C. Mahle, S. Townes

Hosts:

Dr. Shinji Urabe, Director
Dr. Kiyomi Sakai, Director, Laboratory for Quantum Electronics

BACKGROUND
Kansai Advanced Research Center was established in May 1989 as a major facility to perform basic research
under the Communications Research Laboratory (CRL) of Japan’s Ministry of Posts and
Telecommunications (MPT). The center performs basic research in the areas of information science and
technology, materials science, laser technology, and biological information science, with the objective of
developing advanced technology for the future in the areas of information processing and communications.
Also near this facility, the Asia Pacific Information Infrastructure (APII) Technology Center has been
established; details are provided at the end of this report.
Frontier Research Program
KARC is MPT’s center for the “Frontier Research Project.” The Frontier Research in Telecommunications
program is in part a response to the expanded research role required by privatization of NTT. The Frontier
Research program is truly a research effort aimed at enhanced telecommunications services for the highly
advanced information society of the 21st century. The relationships among various organizations are shown
in Figure C.3. The research is long-term, fundamental, interdisciplinary, and high risk in nature.
Foreign
Governments

Foreign
Research
Organization

Agreements

Ministry of Posts and
Telecommunications
(Communications
Policy Bureau)

Communications
Research
Laboratory

International Joint Researches

Trust

Supporting Center for Advanced
Telecommunications
Technology Research
Research
Funds

Universities

PrivateSector
Laboratories

Reseach Cooperations among Industry,
Universities, and Government

Fig. C.3. The relationships among various organizations. The Frontier
Research in Telecommunications program.
The center’s technical sections are described below:
Auditory and Visual Informatics Section
This section investigates computational emulation of biological organisms for efficient processing of images
(by segmentation) and speech (by neural networks). This is an example of a broadly interdisciplinary
research project that might produce results impacting image transmission and storage, and direct visual and
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audio programming of computers. As an example, a human facial three dimensional image by a triangular
mesh under a restricted number of data points has been simulated.
Knowledge Systems Section
This section is concerned with advanced man-machine interface issues, considering a networked
environment (computer interface to richly networked information system). Using computer tools, analysis of
the dialogue between user and machine is carried out. A highly visual approach is employed in interface
design. Problems include the assumption that a user will attempt to use software without having read the
manual and will be remotely located (network connection). Dialogue is assessed for varied help interface
designs and user query sequences.
Intelligent Processing Section
This section performs research on modeling human intelligent functions to achieve machine understanding
of natural language. An approach in use is to attempt to understand “puns” as an avenue towards deep
understanding by machine identification of hidden meanings. The emphasis is not only on literal meanings
but also on hidden meanings.
Superconducting Radio Physics Section
This section designs, fabricates, and characterizes novel superconducting devices for the millimeter wave
region of the electromagnetic spectrum for sensing and communication applications. Both low and high
temperature superconducting thin films are used in the devices. Superconducting oscillators, mixers,
detectors, receivers and passive elements using niobium nitride and yttrium barium copper oxide have been
designed. Electron beam lithography is used for thin film devices. A 400 millijoule KLF laser (2, 4, 8 nm)
has been used for ablation in fabricating YBCO thin films. A 10,000 CFM clean room is available on site
for this work.
Experiments with high Tc material for passive microstrip components and fabrication have been performed.
High-Tc J-J junctions using Y-Ba-Cu-O thin films on MgO have been demonstrated.
Lightwave Technology Section
Semiconductor and Er-doped fiber lasers are used to produce ultrafast (approaching several THz) and
ultrashort optical pulse sources. In addition to providing precise measurements, such pulses are being
studied for high capacity communications.
Laser Physics Section
Ion trapping and laser cooling techniques are studied to develop precise measurements and future
communication technologies in this section. Using an electromagnetic field, moving ions are trapped. Their
kinetic energy is gradually dissipated by the illumination of laser light. Eventually their motions are
completely frozen. The group has succeeded in freezing the motion of a single calcium ion. These
techniques of manipulating atomic particles are applied to the fabrication of higher precision electronic
devices which require the control of individual atoms in their fabrication.
Biological Function and Structural Biology Section
This research broadly addresses “intelligence” in living material through studies at the sub-cell and
molecular level. To see genes and chromosomes at the molecular level, an order of magnitude greater
resolution than that obtained from a microscope is needed. Fourier transform processing has been
successfully used to separate and sharpen images, layer by layer, by deconvolution. A sequence of such
images, akin to stop-motion photography, allows direct vision of changes within a cell, and correlation of
these changes with externally observed events or stimuli. Copying or regeneration of a cell and energy
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conversion in muscle are phenomena under investigation. In both cases, some form of communication takes
place within the cell and it is the objective of the research to further understand these communications.
Nanotechnology Section
Organic thin films are fabricated by Molecular Beam Epitaxy (MBE) and Langmuir-Blodgett technique in a
clean room environment. Scanning Probe Microscope (SPM) is used to study the structure and properties of
these films at nanometer scale. Molecular devices are fabricated by various molecular layer deposition
processes or by applying electric fields. Techniques for measuring the optical performance of such
molecular devices are also being developed.
Asia Pacific Information Infrastructure (APII) Technology Center
With the aim of achieving a leading role in the establishment of the Asia-Pacific information infrastructure,
the APII Technology Center has been constructed in Kobe City. To respond appropriately to the
globalization of information and communications, there is a need to establish an information infrastructure
that crosses national boundaries, while giving full consideration to social and cultural diversity, as well as
different levels of economic and technological development in the Asia-Pacific region.
International joint research and experiments on a multimedia information network are being planned. The
goal is to conduct remote joint research and distance learning activities and to establish telemedicine,
teleshopping, and an electronic museum.
To construct the APII and to promote its use, an environment is needed in which as many countries and
regions in the Asia-Pacific as possible can participate.
The APII Technology Center offers group technical training courses on multimedia information
communications technology to engineers from the Asia-Pacific region. The topics in the technical training
program consist of “Trend of Multimedia Information Technology,” “Internet Utilization Technology,”
“VOD Application Techniques,” and “Cyber Space Application Techniques”.
The APII Technology Center has been built in the Nishi Ward of Kobe City by the Ministry of Posts and
Telecommunications. This facility offers various services, including Internet, cyber-space and video on
demand, which are provided using an ATM-LAN. The facility carries out joint development of applications
and network interconnection technologies, and is used for training technicians.
With regard to this facility, at the APEC informal meeting of heads of government held in Manila in
November, 1996, Prime Minister Hashimoto called for, among other things, various kinds of experiments
and training to be undertaken that would make use of this facility. The facility is considered as a test-bed,
moving towards becoming a nucleus in the Asian-Pacific information and communications infrastructure
(APII). The facility is contained in a two story, 600 square meter building.
In addition to the ATM-LAN, which has been installed as a local area network facility, plans call for
connection to external experimental facilities via N-ISDN and high speed private lines. As of Summer 1997,
it was connected to external networks with six N-ISDN lines, and is connected to Tokyo via a 45 Mbps high
speed private line.
CONCLUSIONS
Kansai Advanced Research Center has excellent facilities and human resources to perform advanced
research in several multi-disciplinary areas. The topics of investigations are at the cutting edge but at the
same time are focused to produce results. The impact of KARC’s activities goes beyond advancing the
frontiers of communication technologies. The work conducted at this center is published in international
journals, and researchers from other countries perform their research as visiting scholars.
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Site:

Kokusai Denshin Denwa Co. (KDD)
R&D Laboratories
2-1-15 Ohara Kamifukuoka-shi
Saitama 356, Japan
http://www.kdd.co.jp

Date Visited:

June 2, 1997

WTEC:

W. Brandon (report author), C. Bostian, A. Mac Rae

Hosts:

Dr. Hitomi Murakami, Laboratory Director
Dr. Mizuguchi, Senior Research Engineer
Dr. Nomoto
Dr. Araki, Research Engineer
Mr. Hiroyasu Ishikawa
Dr. Hideyuki Shinonaga, Senior Manager
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BACKGROUND
KDD, Japan’s international telecommunications carrier, like COMSAT, participates in INTELSAT and
Inmarsat; constructs and operates optical fiber networks, connecting Japan with the rest of the world; and has
taken the lead in popularizing the Internet in Japan. KDD R&D Laboratories conducts activities from basic
research to development of hardware and software to expand and improve international services. Work
centers on transmission technology, network technology, and developing new applications and services. The
technical staff includes 130 engineers, of whom 40% have PhDs, and about 15% are either trained in, or
have experience in the United States. The locus of junior staff interest is now multimedia communications,
rather than satellite communications.
Dr. Marakami introduced the broad accomplishments of KDD through a video. Transmission activities
include ATM transmission via satellite, ultrahigh speed transmission using optical soliton pulses; wavelength
division multiplexing and optical amplification; Acqua-Explorer 1000, an autonomous robot for maintaining
submarine cables (inspection/photography at 1,000 m depth with acoustic link to the surface); and selected
items for enabling international mobile communications. Networking developments include technologies for
broadband and “intelligent” international networks and systems for planning, operating and managing
networks, including restoration. New service-related technology includes speech recognition and language
translation, video codecs, multimedia on demand technologies, Internet applications and portable and mobile
earth station technologies.
KDD was created by public law somewhat analogous to COMSAT Corp, and its activities are affected by
changes in Inmarsat and INTELSAT. KDD is one of ICO Global’s largest investors. KDD is developing a
dynamic frequency assignment system and electronically steered antennas for non-GEO satellite systems like
ICO.
R&D ACTIVITIES
Video Transmission/Compression
Compression products have been a major concern of KDD. The MUCCS2 provides 8 channels on one
circuit. HDC 45 and MUCCS2 were used for the Olympic Games. A newer product called ARCH is
MPEG2 based and is used in ATM transmission. A VQS product is used on cable networks for video on
demand.
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KDD has developed a digital satellite news gathering van (SNG) for remote real time transmission of digital
video. The Vast-c and VAST-s store and forward video terminals using MPEG 1 and 2 respectively, allow
transmission of video via links with 64kbps to T1 data rates.
Satellite Terminals
A new Mini C portable satellite terminal for Inmarsat was shown.
Antennas
KDD has a distinguished history of achievement in antennas going back over 20 years.
Small antennas can experience inter-symbol interference due to multipath. KDD developed a method of
changing the polarization presented to the reflected versus the direct ray path. A crossed dipole feed, which
radiates a circular polarized wave with an arbitrary axial ratio is rotated relative to the reflector, allowing a
“null” of the reflected path.
The team was shown an innovative antenna design, which has already been developed, in which the antenna
was mechanically rotated for azimuth coverage, and fed by a rectangular waveguide linear array for
elevation.
A low sidelobe USAT antenna of 40-50 cm diameter was used as an illustrative example. ITU standards for
large antennas were extrapolated to the small aperture size. An antenna was developed with a slightly
elliptical reflector, the larger diameter corresponding to the expected aperture (~45-50 cm). A diamond
shaped feed was used. Calculated antenna patterns performed well below the mask based on ITU
regulations. A USAT antenna diameter of 46 cm was used in the example.
An ultrasmall Ku-band USAT antenna is targeted for multimedia services, coming to Japan in 1998.
PerfecTV has already introduced digital DBS; DirecPC will be introduced shortly, but uses the PSTN for the
return path. A bi-directional (all satellite) multimedia service is envisioned with a 46 cm aperture. A 27
MHz transponder will support a 40 mbps QPSK TDM waveform transmitted by a 7 meter hub. The return
link (from user to hub) would be 128 kbps, using a chirped BPSK waveform. The chirp is used to spread the
energy over a 500 kHz bandwidth, and is sufficient to prevent interference, allowing for a 0.5º pointing error
for a home installation, with 3º orbit spacing. A one watt transmitter will be integral to the outdoor unit,
designed for continuous transmission in 20º C air. Use of TDM multiple access is anticipated and will
produce a low duty cycle.
Array Antennas for Aircraft
An array antenna for aircraft terminals was shown. A low profile is achieved using two layers of slightly
overlayed patch radiators. The 3 x 3 array performs at both 1.5 and 1.6 GHz, as both transmit and receive,
and was tested with ETS-V. The antenna uses a conventional beamforming network; for more performance,
an active phased array would be used. The second generation model was a single layer with two element
sizes on a high dielectric substrate. The axial ratio was not satisfactory, and a third generation model was
constructed. Similar to inverted-F, multiple short pins above each patch allowed the sizes to be reduced to
almost half; the patches could then be laid out without overlap in groups of four (transmit and receive for
each band). There were 18 analog phase shifters (9 elements x 2 frequency bands), digitally controlled, and
packaged into a small box. Transmit power is 250 mW per element.
A third array antenna, targeted for ICO and the Japanese Experimental Satellite (ETS VIII), used a
quadrifilar helix radiating element. As in Figure C.4 the antenna will have 12 elements arranged in a
triangular grid pattern (with corner elements missing from the grid). The antenna had just been delivered
and patterns had not been measured.
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Fig. C.4. Array antenna with quadrifilar helix radiating element.
The feed electronics were packaged into 4 layers (for ease of further evolutionary changes). Diplexers
comprise the first layer, LNAs the second layer, BFN the third layer, analog up and down converters in the
fourth layer. A design change is being introduced to substitute a digital beamforming network for the analog
BFN. The feed network has 1, 2 or 3 output ports. The antenna has 16 beam positions (switchable). Use of
TDM downlinks might allow beams for 2 satellites. While ICO will use 6 kbps links/user, thin route FSS
multimedia service is anticipated to operate at 64 kbps, requiring about 10 dB more gain.
Networking and New Services
Much of KDD’s development is for multimedia applications and non-GEO satellite systems. A multimedia
conferencing system connecting more than three sites for exchange of voice, text, and video has been tested
for use in tele-education and telecommuting. For telephone communications with Korea, a speech
recognition and automatic interpretation system has been implemented to enable automatic voice connection.
Advanced networking activities include high reliability network technologies, use of “smart cards” for
authentication on the Internet, and a network management platform for rapid monitoring and control of
transport via overseas carriers. A multi-channel radio LAN with high speed and order wire has been tested.
RFI was assessed without on-site measurement using a software product. Base station siting was illustrated
for cellular communications, again without on-site measurements. Diversity reception and equalization is
being investigated in anticipation that FLMPTS will become a world standard. KDD participated with
AT&T in a two year test of ATM transmission via cable and via satellite to the U.S.
Optical soliton transmission has been tested on a repeaterless fiber path of 9,000 km, carrying 2,600
compressed television channels.
Non-Geo System Management
Efficient assignment of particular satellites and gateway stations to mobile users requires position location
information of users. Satellite position determination introduces an ambiguity in position. An ambiguity
removal technique for passively determining user position at the hub was described.
KDD is also addressing methods of assigning satellites to gateway earth stations so as to minimize the
number of hand-offs.
REFERENCES
Ishikawa, H. et. al. 1996. Ambiguity Removal Technique for User Position Determination Method in Non-Geostationary
Satellite Systems. 4 page technical paper, IEE Conference Publication No. 424, 1996 and a 17-chart briefing based
on the paper.
KDD. Annual Report, for year end 31 March 1996.
KDD R&D Laboratories. n.d. Brochure, 12pp.
____. n.d. Experimental Mobile Satellite Communications System Via Engineering Test Satellite-V (ETS-V). Technical
paper. Tokyo.
____. High Performance Aperture Antenna Developments in KDD Labs. n.d. [List of 8 specific antennas developed from
1977 through 1993, and one current investigation].
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____. Time-Dependent Service Area Concept for Non-GSO Satellite System. n.d. 16 chart-briefing.
____. Ku-band USAT System. n.d. KDD Laboratories. 15-chart briefing.
____. Nomoto, S. et al. 1989. Multiple Contoured-Beam Synthesis Using a Doubly Curved Reflector and a OneDimensional Feed Array. Proceedings of ISAP ’89: (953-956).
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Site:

Ministry of International Trade and Industry (MITI)
Space Industry Division
1-3-1 Kasumigaseki
Chiyoda-ku
Tokyo 100, Japan
http://www.jwindow.net/GOV/CABINET/MITI/home.html

Date Visited:

June 6, 1997

WTEC:

J. Pelton (report author), W. Roseman, R. DePaula, C. Uyehara

Hosts:

Dr. Satoshi Inouye
Dr. Hiroyuki Matsumoto
Mr. Tetsuo Wakayama
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BACKGROUND
It was emphasized at the outset of the meeting that MPT is responsible for all technology, regulatory and
spectrum issues related to telecommunications and broadcasting and that accordingly, MITI has limited input
to and impact on space telecommunications. The programs in space that are supported and funded by MITI
are focused on robotics, remote sensing and microgravity. These space related activities have also been
reduced in scope by about 10% per year over the last 5 years (from 15 billion yen to 11.5 billion yen), in part
because of the currently reduced likelihood of success (especially in microgravity projects) and because the
space industry is not large or growing in Japan.
R&D ACTIVITIES
The current MITI R&D programs of interest are the ETS VII robotic self repair satellite (managed by
NASDA), the Unmanned Space Experiment Recovery System (USERS), and the Space Experiment of the
Advanced Robotic Hand (ARH), which will have eight degrees of freedom in contrast to the 5 to 7 degrees
of freedom in various other space arms. It was noted that there were many possible applications for robotics
in terms of hostile and hazardous environments, disasters, isolated locations (arctic environments, ships at
sea, the moon, etc.), and that if robotic applications could be broadened to reduce the cost of intelligent
robotic devices they might be commercially applied to satellite communications in the future. This was seen,
however, as not highly likely in the foreseeable future.
SUMMARY
In response to questions about launch vehicles it was noted that the Science and Technology Agency (STA)
had oversight of NASDA and in its launcher development programs, but that the Ministry of Education had
governmental responsibility with regard to oversight of ISAS and its planetary, exploratory and launch
programs. This having been said our hosts indicated that there were no new "funded" developments of
launch vehicles for export to commercial markets under way, beyond the existing H-2 program of NASDA
and the M-5 launcher, which is designed for the scientific missions of ISAS.
This statement about launchers and other comments suggested that higher priorities were being assigned to
robotics, fiber optics, computer processing, etc., where there are large scale commercial applications. Space
related activities, because of their smaller market size, were being given lesser backing and funding support
at this time. In this same vein, it was indicated that Japanese aerospace and telecommunications industry
decisions to focus on excellence in targeted areas of space communications were indeed now occurring, and
that this was probably wise.
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Site:

Mitsubishi Electric Co.
Kamakura Works
325, Kamimachiya Kamakura
Kanagawa 247, Japan
http://www.mitsubishi.com

Date Visited:

June 4, 1997

WTEC:

W. Brandon (report author), C. Bostian, A. Mac Rae

Hosts:

Dr. Keiichiro Eishima, Chief Engineer, Satellite Systems Engineering
Yutaka Kazekami, General Manager, Commercial Satellite Department (rf and
microwave design, SSPAs, LNAs, etc.)
Akira Akaishi, Manager, Advanced Planning Programs Planning Group, Space
Applications Systems Department (satellite antennas, gigabit satellite program)
Kiyotoshi Furuya, Manager, Marketing and Business Development, International
Programs
Mr. Sakurai, Manager of Satellite Communications Department

BACKGROUND
It was noted that 1997 was perhaps a very special year for both the United States and Japan, marking the
beginning of Globalstar and Iridium, and the Mars spacecraft; and for Japan, Superbird C (scheduled for
launch in July 1997), COMETS (scheduled for launch in August 1997), the ETS VII unmanned docker, and
the 10 meter MUSES-B antenna deployment. As prime contractor for about 20 spacecraft, Mitsubishi
Electric Company (MELCO) has accumulated 80 years of on-orbit experience. A video on MELCO
revealed the breadth of the company’s activities towards improvement of daily life in the home,
transportation, defense, manufacturing, space, and communications (listed below).
Advancement of the quality of society is the 21st century vision. Distinctive blue jackets underscored the
long-term team commitment to the DASH 2000 goals (dynamic, active, speedy, humanity).
Communications and information processing will transform society and MELCO activities in GMS mobile
telephone, optical fiber products (both trunk line and subscriber line), electronics (ultrasonics to microwave
and optical), and medical diagnostics are major activities. A comprehensive manufacturer, MELCO has
produced the high speed Shinkansen trains, a spiral elevator, a “retinal chip” module, the MISTY encryption
algorithm and over 16,000 microwave antennas. Defense products include improved Hawk and Sea Sparrow
missiles and search and rescue radios.
MELCO produced the first Japanese spacecraft (ionospheric sounder, 1976) and today has many contracts,
including the Japanese Experiment Module (JEM, part of the International Space Station program). It is a
major component and subsystem supplier to the world’s prime contractors, and is well established as a
leading world company in satellite communications.
R&D ACTIVITIES
Satellite Antennas
Progress and heritage in communications antennas were documented by models in the company museum.
“Conventional” Antennas
MELCO antennas include the large (C-band) CS-3 horn reflector of impressively lightweight; a Ku-band
dual-polarized gridded reflector; INTELSAT-7 C-band antennas; 40/50 GHz antennas for ITALSAT F1; the
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ADEOS ISL antenna (1.35 m diameter, better than 0.2 mm rms surface accuracy), and the COMETS ISL
antenna (3.6 m diameter, better than 0.3 mm rms surface accuracy).
Large Reflector Antennas
MELCO produced the 10 m deployable reflector for the MUSES-B (very large baseline interferometer)
satellite that will operate at L-band, C-band, and 22 GHz. The surface accuracy is 0.5 mm. An aperture
efficiency of 68% was quoted. The antenna weight is less than 230 kg.
MELCO proposed a 10 m deployable reflector design for ETS-VIII but it was not selected. The effective
aperture diameter would have been 8 m center-fed while the selected design is offset-fed.
MELCO built an R&D model of an unfurlable offset Cassegrain antenna with a 3.5 m diameter and a gain of
better than 34 dBi.
Due to the high surface accuracy achieved with deployable reflectors, MELCO has no experience with
inflatable antennas.
Active Phased Arrays
MELCO built a “90-element” phased array for ETS-VI. The radiated power was about 1 W per element or
90 W total. It was also described as having 19 elements, each of which is a 7-element microstrip subarray.
It transmitted at 2.1 GHz with 26.2 dB gain and received at 2.7 GHz with 27.2 dB gain. The EIRP was 33.3
dBW and the G/T was -4.4.
Arrays for Synthetic Aperture Radar (SAR) Satellites
MELCO has produced the antenna for an SAR radar for a Japanese environmental satellite. The radar
frequency is 1,275 MHz. The antenna produces a 1.05° x 5.6° beam having 33.5 dB gain. The antenna is
2.2 m x 12 m and weighs 132 kg.
Gigabit Satellite Antenna
MELCO is developing a Ka-band active phased array antenna for CRL as part of the Gigabit Satellite
Program with projected launch date of 2002. The transmitting antenna will have 5 scanning spot beams and
transmit at 20 GHz (18.75 GHz, bandwidth 559 MHz) with an effective aperture diameter of 2.2 m. The
receiving array will operate at 20 GHz (28.55 GHz–559 MHz) with an effective aperture diameter of 2.1 m.
The antenna will scan 1.5 degrees and transmit a total power of 500 W. The gain will be greater than 55 dBi.
The total number of elements is 2,500 (count includes all of the subarray elements). The current plan is to
use waveguide horn radiators. The element spacing will be 3 wavelengths. This is acceptable since the scan
angle is rather narrow. The total cost of the antenna is about $50 million.
The phased array described above will operate with an onboard processor that will connect 20 SCPC uplink
channels to 5 TDMA downlink channels.
The design goal for the SSPAs used in this array is 20% efficiency for multicarrier operation (5 TDM
processed channels; see onboard processing section below).
Solid State RF Power Amplifiers (SSPAs)
One of the world leaders, MELCO is producing solid state power amplifiers (SSPAs) for the ICO system
satellites. The growing use of phased array antennas leads to satellites with large numbers of low power
SSPAs (5 to 10 W for ICO array elements). MELCO’s current power capability is 15 W per SSPA.
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Onboard Processing
An ATM baseband switch is employed in a processor that converts 20 SCPC uplink channels to 5 TDM
downlink channels. A 5 x 5 IF matrix switch is also being developed. In response to a question about
onboard processing, WTEC panelists were referred to the catalog but advised that the catalog is old. New
equipment is being developed and delivery times are getting shorter.
Solar Panels
MELCO used GaAs solar cells on CS3 for high efficiency (18.6 % at that time) on a small satellite. MELCO
currently manufactures 20 kW solar arrays that are 14.7 m long x 2.4 m wide, using four panels, for Afristar
and Telstar. For even higher satellite power, panels that deploy in two dimensions are being designed.
Heat Pipes
MELCO produces heat pipes for many programs.
Ion Engines
COMETS will fly a 25 mN xenon engine. MELCO is looking at 100-150 mN performance level. No
problem with electrostatic charge accumulation associated with ion engine operation has been observed.
Low Noise Amplifiers
For NSTAR MELCO produced 30 GHz LNAs with a NF of 2 dB or better. The customers desire Ka-band
LNAs with 1 dB noise figures. MELCO has developed 100 GHz LNAs with a 5 dB NF (presumably
experimental).
MELCO is evaluating the use of Si-Ge for LNAs.
Attitude Control
MELCO is getting 0.05o spacecraft pointing accuracy at GEO, and 0.3 o at non GEO, using zero momentum
control systems (0.05 o roll and pitch, and 0.15 o in yaw).
Data Handling
MELCO developed a packet data handling system for ETS-VII, with data rates of 2 Mbps. The company is
now looking at 6 Mbps and has a goal of 120 Mbps.
REFERENCES
Mitsubishi. 1996 Corporate Profile. 1996. 38 pp.
____. Meeting agenda, 4 June 1997.
____. 1996 Mitsubishi Kamakura Works. Product photographs.
____. Space Activities - Mitsubishi Electric. n.d. Color copies of viewgraphs.
____. Space Activities, 1997, 18 pp. Booklet.
____. Satellite-Borne Equipment. n.d. Overview catalog of flight hardware.
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Site:

Ministry of Posts and Telecommunications (MPT) Headquarters
1-3-2, Kasumigaseki, Chiyoda-ku
Tokyo 100-90, Japan
http://www.mpt.go.jp/index-e.html

Date Visited:

June 6, 1997

WTEC:

W. Brandon (report author), J. Pelton, W. Roseman

Hosts:

Masao Matsumoto, Director, Radio Utilization Policy Planning Division
Yasumasa Matsumoto, Deputy Director, Space Communications Policy Division,
Communications Policy Bureau
Yutaka Sone, Deputy Director, Broadcasting Technology Policy Division
Masahiro Uekawa, Satellite Coordination, Frequency Planning Division
Tetsuo Wakayama, Chief, International Affairs Section, Space Communications
Policy Division
Norifumi Yamaguchi, Assistant Director, Broadcasting Technology Policy Division

DISCUSSION
Mix of Services
M. Matsumoto, presiding, introduced Mr. Yamaguchi who was representing broadcasting for Mr. Katayi.
The team was told that Japan has an extensive analog direct broadcast system in place and intends to
broadcast digital high definition TV by about 2000. PerfecTV broadcast was initiated in June 1996.
DirecTV has 99 channels approved and 79 are now being broadcast. It is anticipated that others, such as
SKY, will enter the market, and still further globalization will occur.
New filings for U.S. systems can be characterized as either “direct broadcast” with multimedia or as
multimedia satellites providing TV (i.e., there is a blurring of service boundaries). The team asked about the
Japanese position with regard to this kind of crossover of services. These are recognized as good and
important questions, which are under discussion. However, the main concern is to achieve a $1,000 two way
terminal. Internet download is recognized as important. In the near future, one transponder may be shared
for this service (Internet download) with other services. This issue is regarded as one of categorizing, but
Japan will not reject services because of a problem in semantics. With regard to whether MPT will provide
entertainment broadcast while NTT (or NHK) enters the telecommunications market, the team was told that
NTT has not applied (to MPT) for a license for this kind of service. This matter has not yet been discussed
at MPT. NHK is a special organization established by law; therefore its nature is different from a private
company. If it starts telecommunications activities, a change in the law would be required, which is a big
issue. NHK representatives have visited MPT and shown the use of different channels for Internet, e-mail,
TV, etc. (i.e., no mixing of services). NTT, with its own satellites, is very active in experimentation for
multimedia services. MPT does not know when NTT will start services, but “possibly NTT will provide
these services in the future,” and it is also likely that NTT will provide integrated services.
Globalization, digitization, and personalization (delivery of services direct to consumer) are 3 major trends.
The combination of the first 2 of these, including digital video, raises the issue of how the MPT defines
domestic services because it may have international implications about market access. MPT sees
broadcasting as being excluded from negotiations, but in March 1997 an agreement was reached. It should
be noted that the division between broadcast and telecommunications also holds in the United States and
Europe. The U.S. satellite industry thinks that the Internet is a key to the future. Europe has sought a broad
exclusion on video. In the United States the Internet is seen as basic telecommunications. With regard to the
satellite industry and the communications industry, the issues intertwine; government institutions have
evolved to mirror industry. But in the new era, things become integrated. Asked how the Japanese
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government will respond to the issue of whether broadcast encompasses or incorporates telecommunications
or vice versa, the team was told that MPT recognizes the need to respond to this, and that the matter is now
in discussion with international treaty organizations.
The team asked if Article 14 of the INTELSAT and Inmarsat treaties is still relevant. Mr. Yamaguchi
(representing mobile speaking for international affairs) said that INTELSAT and Inmarsat were discussing
changes; that INTELSAT was to transfer some of its satellites to subsidiaries. At a previous meeting the
general assembly of INTELSAT had planned to decide the number of satellites but failed to reach an
agreement. A working group that studied the problem had recommended 3 to 6, and this range, rather than a
specific number, had been agreed. MPT’s position on the view that INTELSAT and Inmarsat are no longer
needed is, according to Mr. Yamaguchi, that MPT has no clear vision or opinion on privatization, but that if
safety, etc. has continuity, MPT could consider privatization, but GMDSS must be preserved.
Licensing, Regulatory, and Policy Issues
Regarding roaming and free use of handheld terminals, Japan has passed a reform to the radio law granting a
“blanket or class license.” For terminals imported for temporary use (i.e., by a business traveler), users
would have a simple procedure and the MRA would be waived. An important area for which there is yet no
consensus is that of “mutually authorizing exports/imports” (i.e., can equipment approved in the United
States be imported into Japan?). Mr. Sone stated that basic things like Eb/No sensitivity and noise floor
would be specified (regulated).
Asked about the licensing of unsymmetrical service, like DirecPC, having a 400 kbps downlink and 16 kbps
uplink, the team was told that, for receive only terminals, there are no specific regulations on analog
transmission. For transmission by a USAT or VSAT, regulations already exist. If a terminal is found to
abide by standards, a type acceptance can be granted. If not, the licensing procedure is similar to that for
taxis or LMS.
In discussing long-term regulatory and policy issues Mr. Matsumoto said that an important job function of
the MPT is to develop new satellite applications, not just provide regulations. The new LEO systems project
a large market for the next century; therefore, spectrum issues will be paramount. MPT is thinking about
technology issues for LEOs, and, again, spectrum is an issue. In 1992 and 1995, more spectrum was
obtained due to Teledesic and Iridium. However, it appears necessary to rethink and review the process and
the allocations. There is a question about what is the best avenue to international consensus
Response to a question about the populations of satellite receivers, the WTEC team was told that, for analog
DBS TV, there are 10 million terminals in service; for digital reception (i.e., PerfecTV), there are presently
300 to 400 thousand receivers in service. Related news articles indicated that NHK had reached 300
thousand units in the fall of 1996, a few months later than the original plan; the 400 thousand is probably a
conservative estimate.
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Site:

National Space Development Agency of Japan (NASDA)
World Trade Center Bldg.
2-4-1, Hamamatsu-cho
Minato-km, Tokyo 105, Japan
http://www.nasda.go.jp

Date Visited:

June 2, 1997

WTEC:

K. Bhasin (report author), C. Bostian, W. Brandon, R. DePaula, C. Mahle,
A. Mac Rae

Hosts:

Mr. Hideo Hara, Senior Engineer, Satellite Systems Engineering Dept.
Mr. Keiichiro Noda, Associate Senior Engineer, H-IIA Project Team
Mr. Akira Meguro, Associate Senior Engineer, Engineering Test Satellite VII Project
Team
Mr. Yoshiaki Suzuki, Senior Engineer, OICETS Project

BACKGROUND
NASDA provides overall leadership in Japan’s effort to develop new space technology. NASDA, in
cooperation with CRL and the Japanese aerospace industry, designs new spacecraft, develops new
technology, implements experimental missions, and conducts tests and evaluations of flight prototypes.
Overall, this effort is well coordinated among the several governmental agencies and private corporations
involved.
NASDA has impressive test and integration facilities of world class quality (e.g., 13 m diameter thermal
vacuum space chamber, 1,600 m3 acoustical test facility). Tsukuba Space Center has a relatively small staff
of 250 NASDA professional employees, plus 100 to 180 contractor personnel. Projects at the center include
the H-I and H-II launch vehicles (now completed) and the J-I launcher. Experimental satellite projects
include the ETS-VI and -VII spacecraft, COMETS, JERS and the Japanese Experiment Module (JEM) for
the International Space Station, the ADEOS Observation Program, and the HOPE reusable space shuttle that
will be mated with the H-II launcher. Much of the design, manufacturing, test and integration of
experimental communications satellites is left to the contractor and subcontractor organizations, typically
NEC, MELCO and Toshiba.
RESEARCH AND DEVELOPMENT ACTIVITIES
NASDA’s senior engineers briefed the WTEC team on the following three areas:
1.

Optical Intersatellite Link Technologies. Advances in optical intersatellite link technologies are being
demonstrated by laser intersatellite link experiment OICETS, which is done in collaboration with ESA.
The satellite is 3-axis stabilized and has a mass of 570 kg. The optical equipment (LUCE) is made by
NEC with a mass of 140 kg. Overall size is 9.4 x 1.8 x 3.1 m. Launch is set for August 2000 on a J-1
rocket from Tanegashima. The planned orbit is 610 km at 35° inclination, with a 1 year lifetime. The
optical intersatellite links will communicate with ARTEMIS (an ESA satellite in GEO orbit). Forward
link 2.048 Mbps, beacon frequency 819 nm (ARTEMIS to OICETS); return link is 49.372 Mbps,
847nm, OICETS to ARTEMIS. Also, there is an S-band link to ARTEMIS and the ESA ground station
in Redu (Belgium), NASDA’s data relay tracking satellite (DRTS), and the ground station in Japan.
Testing planned includes: optical device performance, acquisition, tracking, and pointing experiments
(tracking better than 1 microrad, and pointing better than 2 microrad), communications experiment with
BER <10e-6 to look at vibration in the satellite, and an optical link to the ground station at CRL. Matra
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equipment in the satellite measures vibration. The telescope is made of ceramic for thermal stability: 26
cm dia., with Canon reflective optics.
Preliminary design was completed in 1994; the critical design phase will be completed in 1998. LUCEEM will also be completed in 1998. Going forward, the schedule calls for system integration in 199899, then storage for several months because of the ARTEMIS launch delay. The test program has been
planned and agreed with ESA.
Other work in this area at Tsukuba includes the following:
•

high data rate link and infrastructure in space

•

key technologies

•

advanced work on fiber amplifiers (basic research), EDFA (erbium doped fiber amplifiers)

•

1,550 nm and NDFA 1,064 nm. InGaAs devices

•

target for link is 300 Mbps in 50 kg and 10e-6 BER

2.

Advance Antenna Technology. Modular large, deployable antenna for ETS-VIII and follow-on
satellites. ETS-VIII will have 2 large (10-15 m) antennas at S-band for mobile communications
experiments (telephone handsets), fed by a 32 element phased array feed generating 4 to 5 spot beams.
The target is >15 m, <170 kg (per reflector), <2.4 mm rms deviation over temperature range. Individual
modules are about 4 m dia.; 19 modules make a 15 m reflector, 7 modules make a 10 m reflector.
Surface is a gold braided mesh shaped by cables, with a hexagonal truss structure (truncated pyramid) as
backing. NASDA is responsible for large reflectors, antenna integration and satellite development.
Toshiba makes the reflector, Mitsubishi the bus. CRL, ASC (Advanced Satellite Communications Lab)
and NTT are sponsors. Vibration distortion in orbit is considered small. The phased array generated
beams can be repointed in orbit. Launch is planned in 2002. Onboard processor packet mode is being
worked on by CRL, TDMA by ASC.

3.

Launcher Research and Development Program - H-II is the fourth generation rocket derived from N-1
(based on U.S. Delta technology). The 2-stage design, powered by liquid H2 and O2, can lift about 2,000
kg to GEO. It has flown 4 times successfully (it is the only rocket in the last 20 years not to have a
failure). F5 and F6 were scheduled for launch in 1997 (COMETS and JETS-VII/TRMM) then there
will be no more launches until 1999. An improvement program is in place for F7 and F8 in 1999; F9
will be the first H-IIA with about 3,000 kg lift to GEO (launch in 2001). The H-IIA has a large liquid
rocket booster (actually another first stage) attached to the side, in addition to two solid strap-ons.
NASDA is working on gradual improvements and cost reduction; the second stage will be redesigned
for H-IIA. A further model is in planning with 2 LRBs and about 4,000 kg lift to GEO (no launch date
yet). The LRB is currently not reusable but NASDA is planning experiments to see if it could
eventually be reusable.
The launch complex will be upgraded so that 2 H-IIAs can be processed in parallel in the vertical
assembly building. Now only one at a time can be processed and the satellite is mounted at the launch
pad. NASDA is striving for a 20 day launch cycle.

CONCLUSIONS
Even though there is reduction in its total space program, NASDA appears still well funded in satellite
communication programs. The H-II rocket is pointed towards commercial launch capability. The satellite
communication program is well coordinated with the government agencies and the research centers.
Considerable emphasis is placed on advanced communication experiments for satellite payload development.
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Site:

NEC Corporation
4035, Ikebe-Cho, Tsuzuki-Ku
Yokohama, 224, Japan
http://www.nec.com

Date Visited:

June 4, 1997

WTEC:

N. Helm (report author), K. Bhasin, R. DePaula, C. Mahle

Hosts:

Mr. Takenori Yanase, Vice President
Mr. Takaji Kuroda, Corporate Chief Engineer
Mr. Kiyoshi Murata, General Manager, Space Systems Division, Radio Operations
Unit
Mr. Shinichi Otani, Assistant General Manager, Space Systems Division, Radio
Operations Unit
Mr. Hiroyuki Ishihara, Chief Manager, Space Systems Division, Radio Operations
Unit
Mr. Jun-Ichi Aoyama, Senior Manager, Advanced Space Systems Department, Space
Systems Division
Mr. Yukio Amano, Senior Manager, Space Electronic Systems Department, Space
Systems Division, Radio Operations Unit
Mr. Shinji Senba, Senior Manager, Space Electronic Systems Department, Space
Systems Division, Radio Operations Unit
Mr. Kazuhide Todome, Senior Manager, Satellite Systems, Space Systems Division
Mr. Noboru Muranaka, Senior Manager, Satellite Systems Department, Space Systems
Division, Radio Operation Unit
Mr. Seiji Yokota, Manager, Antenna System, Satellite Transponder Development
Department, Space Systems Division

BACKGROUND
NEC Corporation, established in 1899, currently has over 150,000 employees, and is capitalized at $1.7
billion. NEC was the first company to promote the integration of computing and communications, and now
is ranked fourth in world sales in computers, number 5 in communications and number 2 in semiconductors.
Only Japanese companies (Toshiba, Hitachi and NEC) rank high in 2 or 3 of these 3 categories.
The WTEC visit included the NEC Yokohama plant, founded in 1969, which has more than 2,500
employees and contains the Space Systems Division of the Radio Operations Unit. The Space Systems
operation has nearly 900 employees, sales of $340 million, and provides equipment, systems and services in
communications, broadcasting, earth observation, science and engineering satellites. NEC is also working
on space station hardware, launch vehicles and ground terminal systems. NEC has been the prime contractor
for 44 out of the 72 spacecraft made in Japan.
RESEARCH AND DEVELOPMENT ACTIVITIES
NEC has extensive development activities ongoing in many areas of satellite communications systems. It is
especially involved in various kinds of satellite transponders and equipment. This equipment includes
lightweight advanced transponders incorporating MMICs, HMICs, high speed digital GaAs LSI circuits, gate
arrays and HEMTs. Table C.3 shows the current laboratory demonstrated levels of performance for discrete
amplifier chips, amplifiers, and transmitters for space use, from 1.5 – 43 GHz. NEC is also working in
millimeter wave and optical transponders, including a trial model of a 10 Gbps optical transmitter and
receiver for ISLs, along with lasers, microwave radars and optical local area networks for the International
Space Station.
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Table C.3
Levels of Performance for Discrete Amplifier Chips, Amplifiers, And Transmitters for Space Use
Frequency
1.5 GHz

2.3 GHz

4 GHZ
8 GHz

12 GHz

20 GHz

43 GHz

Hardware

Performance

FET

Pout=8 W to 16 W, Efficiency=60% min.

SSPA

Pout=60 W, Efficiency=40% min. (including EPC), Mass=1,320 g nom.

FET

Pout=20 W, Efficiency=60% min.

TWTA

Pout=120 W, Efficiency=53% min., Mass=4.5k g max

FET

Pout=10 W, Efficiency=60% min.

SSPA

Pout=50 W, Efficiency=42% nom. (including EPC), Mass=1,600 g nom.

FET

Pout=6 W, Efficiency=45% nom.

FET

Pout=4 W, Efficiency=40% nom.

SSPA

Pout=16 W, Efficiency=29% nom. (including EPC), Mass=1,750 g nom.

TWT

Pout=170 W, Efficiency=66% nom.

HEMT

Pout=1 W, Efficiency=25% nom.

SSPA

Pout=3 W, Efficiency=14% nom.

TWT

Pout=230 W, Efficiency=55% nom.

TWT

Pout=35 W, Efficiency=41% nom.

NEC is leading the world in the development of earth stations for global systems such as INTELSAT, and
has continuing development activities in all sizes of communications ground terminals including VSATs. In
addition, NEC is fostering the development of a large line of multimedia products, including mobile
communications terminals, DBS receivers, HDTV equipment, video games, VCRs and a host of computing
components.
EQUIPMENT AND FACILITIES
As a prime contractor, NEC has a full array of test facilities including a satellite integration building with
clean rooms, vibration tables, thermal vacuum chambers and a shielded room. Also, it has excellent antenna
test facilities with anechoic chambers and near and far field test ranges.
MISCELLANEOUS OBSERVATIONS
While NEC has been the major space prime contractor in Japan, the current fiscal restraints imposed by the
government are resulting in fewer new satellites, especially scientific satellites. In addition, NEC is seeing a
larger share of the government’s developments in communications satellite systems, remote sensing systems,
and satellite ground stations. Sub-systems are shared with such companies as MELCO, Toshiba and Fujitsu.
Thus, NEC must look to non-Japanese spacecraft vendors for outlets for the excellent array of space
hardware and software that is being developed. But competition is hard, and U.S. vendors, especially the
new LEO spacecraft primes, are developing more of their systems and sub-systems within their corporate
teams, and with a number of new suppliers of space systems from China, Korea, and India. Also, although
the number of combined new starts in the U.S. scientific and defense communities is down from the high
levels in the early 1990s, they are still sufficient to give American vendors additional opportunities to
maintain their lead in spacecraft bus technologies.
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CONCLUSIONS
NEC is an extremely well organized company with highly trained and dedicated personnel. Its facilities are
modern and the combination of good talent and resources results in an array of products and services that is
very competitive. In areas such as large ground terminals, NEC has captured the market. In spacecraft
payload areas, such as transponder systems, circuits, and devices, NEC is producing world class equipment.
NEC is positioning itself to be the supplier of future large capacity, intelligent satellites by developing
onboard processors and high frequency microwave and laser systems for the next generation of satellites.
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Site:

Nippon Hoso Kyokai (NHK)
Japan Broadcasting Corporation
Science and Technical Research Laboratories
1-10-11 Kinuta
Setagaya-ku, Tokyo 157, Japan
http://www.nhk.or.jp

Date Visited:

June 6, 1997

WTEC:

K. Bhasin (report author), N. Helm, C. Mahle, R. DePaula, J. Evans

Hosts:

Mr. Taiji Nishizawa, Director-General
Dr. Eng. Osamu Yamada, Deputy Director-General
Dr. Eng. Shigeru Yamazaki, Director
Mr. Hiroshi Miyazawa, Director
Hitoshi Nakagawa, Research Engineer
Yoji Morishata, Executive Research Engineer
Hisakazu Katoh, Senior Research Engineer
Dr. Eng. Kazuyoshi Shogen, Senior Research Engineer

BACKGROUND
Nippon Hoso Kyokai (NHK) is Japan’s sole public broadcaster, established in 1925. It is financially and
operationally independent of the government and corporate influence. It is supported by monthly receiver
fees of ¥1,395 for terrestrial broadcasts and an additional ¥945 for satellite broadcasts. These receiving fees
account for 97.3% of operating revenues. There are more than eight million satellite receivers; two 24-hour
satellite channels are being broadcast by NHK. It began direct broadcasting satellite (DBS) service in July
1987; since then it has been growing steadily, and is expected to grow as a major multimedia service for the
next century. BSAT-1a (provided by Hughes International) was launched in April 1997 to support growth of
DBS.
NHK has two research institutes that provide both hardware and software. Broadcast engineering is carried
out by the NHK Science & Technical Research Laboratories, which the WTEC team visited, while program
development is undertaken at the NHK Broadcasting Culture Research Institute. The NHK Science and
Technical Research Laboratories were established in 1930, just five years after the start of radio broadcasting
in Japan. The laboratories started out with a staff of 16 who researched such areas as the acoustic design of
studios and the development of a domestic radio. The lab now has a staff of some 315 people. It is now
working to put new broadcast media into practical use, and to improve equipment and systems for
conventional broadcasting. Vigorous research is also being conducted on broadcast systems of the future.
As Japan’s sole integrated research institute for broadcast technology, the lab has been key to NHK’s
progress. It carries out its mission for future systems in three main areas:
1.

new broadcasting services

2.

improvement of conventional broadcast services

3.

basic technology to support future broadcasting systems

TECHNOLOGY DEVELOPMENT ACTIVITIES
The NHK Science and Technical Research Laboratories is working on the state-of-the-art broadcasting
technologies presented below.

Appendix C. Japanese Site Reports

223

New Broadcasting Services
Following the success of DBS, the lab is engaged in the development of digital broadcasting systems, such
as ISDB (integrated services digital broadcasting). Broadcast equipment, transmission systems and home
receivers for new broadcast media services are also main subjects. See the list below.
Hi-Vision (HDTV):
•

40-inch plasma display (PDP)

•

super HARP handheld camera

•

tri- CCD “Hi-Vision” camera

•

multimedia services on MUSE

•

½” “Hi-Vision” digital VTR

Satellite Broadcasting:
•

2.6/12/21 GHz-band satellite broadcasting system

•

onboard dish-antenna (shaped-beam antenna)

•

high power TWT (12 GHz and 22 GHz)

•

compact DBS mobile receiver

Digital Broadcasting:
•

ISDB (integrated services digital broadcasting)

•

satellite, terrestrial and cable digital broadcasting

•

bit-rate reduction coding

•

multimedia in broadcasting

Improvement of Conventional Broadcast Services
Studies on areas ranging from program production technology to reception technology are conducted in
order to improve such conventional broadcasting services as FM radio and terrestrial TV broadcasting. The
list of topics is shown below.
•

desk-top program production (DTPP)

•

speech-speed conversion system

•

digital SNG

•

digital FPU

•

wide wavelength information color TV camera

•

intelligent robot camera

Basic Technology to Support Future Broadcasting Systems
Broadcast media will serve increasingly as the dominant source of information in the future. The
development of more advanced and varied forms of broadcasting requires basic research into human sight
and hearing, as well as solid-state devices and materials. NHK is researching three dimensional television
systems (3D-TV) in addition to artificial intelligence (AI) technology, ultrahigh-density recording, and
optoelectronics devices. The list is below:
•

ultrahigh-density digital recording

•

3-D “Hi-Vision” without special glasses
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•

super 3-D sound

•

digital broadcast LSI

•

machine translation

•

liquid-crystal spatial light modulator

•

EL display

EQUIPMENT AND FACILITIES
Detailed information was presented on several key technology development activities related to satellite
communications. These activities are discussed below.
DBS and Future Broadcast Services
Services currently use 12 GHz for both FSS and BSS. NHK broadcasts 2 programs, NTSC and HDTV
(MUSE, 17 hours per day), and has about 10 million satellite subscribers out of a total of 35 million overall
subscribers. There are 5 commercial TV broadcast networks in Japan. Digital TV broadcast is used in the
DVB-S transmission system (29 Mbps per transponder, 4 to 6 channels of TV broadcast per carrier).
PerfecTV started in 1996 and has 300,000 subscribers using JCSat. NHK has BS-3 (NEC built) and BSAT1 (Hughes built, launched in April 97). BSAT-1 can transmit four 27 MHz channels out of 8 channels
allocated. NHK expects to start digital TV Service around 2000. The 8 channels would consist of 4 analog
and 4 digital channels.
NHK has a vision of what is needed for a future digital TV broadcast system. It is developing ISDB for
BSS- band (2 channels of HDTV in one transponder). As the HDTV display is still costly (¥300,000 now,
¥150,000 next year for a 32” display), a converter box for about ¥20,000 is seen as a way to go from analog
HDTV to digital. There is a lab prototype, which uses TC8PSK, QPSK and BPSK with 40 Mbps rate per
transponder in 27 MHz of bandwidth. The essential information is QPSK at 1.2 Mbps (it gives a smaller
picture when rain faded) with high quality information at around 20 Mbps. Control information is BPSK. A
single unit switches between the three. This way the availability is 99.8% with 10 dB rain fade.
Satellite Broadcasting Technologies
The frequency of 21.4 to 22 GHz is allocated here for TV broadcasting. In Tokyo, during the worst month
there is 99% availability with 10 dB margin at 22 GHz while only 2 dB margin is needed for 12 GHz. Rain
mitigation needs two mechanisms, satellite power control and hierarchical transmission. The carrier-tonoise-ratio (C/N) is 7.1 dB for QPSK rate ½, 10 dB for QPSK rate ¾ and 12.7 dB for TC8PSK rate 2/3.
NHK designs for 7 dB power control range in satellite EIRP with two parallel TWTs. The system has 10 dB
fade margin in which a 3 dB margin is inherent. The TWT is a NEC helix with variable power from 40 to
230 W at 22 GHz with 53% efficiency. Conduction cooling is used. Its mass is 1.1 kg. EPC for the tubes
runs around 12 kV. The antenna for operational use must have 6 beams, 2.8 m reflector and 47 dBi.
Dr. Shogen presented a satellite newsgathering setup. A flat antenna for 14 GHz with 16 SSPAs is mounted
on a gimbaled pedestal that tracks low rate motion. Fast steering is electronic via 16 8x8 element phased
arrays, with 16 phase shifters (the 8x8 element subarrays are fixed). A 17th array is for grating lobe
suppression. The SSPA has 5 W, total 80 W, and 30 W losses. The 3 center subarrays can receive 12 GHz
and feed a beacon receiver to point the beam. Experiments at sea worked well. NEC is building this for the
commercial market. At 14.5 GHz it has 513 dBW EIRP. Overall beam steering is plus or minus 2 degrees
electrical, more mechanical and with overall 0.05 degrees pointing accuracy.
A lab tour of facilities included antenna models, during which TWTs (Toshiba and NEC) were shown. A
prototype digital HDTV system was demonstrated through a rainfade. The team also saw a true multimedia
HDTV setup. Work to define user desires is continuing. The idea is that TV broadcast downloads lots of
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information into the local server. Information is immediately accessible and automatically updated. Internet
and other services can be accessed simultaneously with TV pictures (smaller than full screen). For local
storage of program material, a mouseclick on the TV schedule will record.
CONCLUSIONS
NHK plays a central role on broadcasting in Japan. Its funding is assured through monthly fees on every
receiving household. There is no corresponding entity in the United States. NHK provides a unified, stable,
long-term outlook for broadcast satellite development. NHK has a technology development program that
has provided progression from conventional BSS-TV at Ku-band, to HDTV broadcast at Ku-band, and
continuing through to possible DBS TV at 21 GHz. It is engaged in the development of multimedia services
by merging TV and PC technologies which will have significant impact on the emerging information
infrastructure in the 21st century.
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Site:

Nippon Telegraph and Telephone Corporation (NTT)
1-1 Hikarinooka, Yokosuka-shi
Kanagawa 239, Japan
http://info.ntt.co.jp/index.html

Date Visited:

June 5, 1997

WTEC:

N. Helm (report author), K. Bhasin, R. DePaula, C. Mahle

Hosts:

Dr. Shuichi Samejima, Vice President, Executive Manager
Mr. Kazuo Nakagawa, Executive Manager, Satellite Communications Systems
Laboratory

BACKGROUND
NTT is the biggest domestic communications supplier in Japan. Its network covers all Japanese territory
including the remote islands. It employs more than 8,500 research and development personnel. R&D
expenditures are approximately $2.5 billion annually, or about 5% of total sales.
RESEARCH AND DEVELOPMENT ACTIVITIES
NTT has fourteen laboratories working on R&D activities that range from basic scientific research to the
development of communication system equipment such as a 400 Gbps optical transmission system,
exchange system and a Dick Tracy type wrist telephone for personal communications. NTT has announced
as a goal to have an optical fiber to every home in Japan by the year 2010. The Satellite Communications
System Laboratory belongs to the Wireless Systems Laboratory that is one of the fourteen laboratories and is
located within the Yokosuka R&D Center.
In the Satellite Communications Systems Laboratory, NTT is working in three areas in payload technology
aiming for the next generation of large multimedia satellites: large diameter reflector, multibeam array
networks and high power amplifiers.
The WTEC team was able to tour the satellite test facility, where research engineers were working on large,
deployable, lightweight, metallic mesh reflector modules that are intended to be a 10-15 meter reflector if
fully assembled. Each four meter module weighs approximately 9 kg. While this excellent antenna
technology has not yet been authorized to an operational spacecraft, it has merit, and the technology will be
transitioned to the ETS-VIII spacecraft’s reflector.
The team also saw development work on two key technology areas for high power, multibeam antenna
arrays: a wafer-scale monolithic microwave integrated circuit and an efficient linear power amplifier.
NTT is developing a multimedia interactive satellite communications system that uses terrestrial circuits for
user-to-server transmission with satellite circuits operating at 30 Mbps providing the server-to-user link. The
satellite circuits use ATM cell based transmissions to realize the highly flexible transmission system.
Therefore, NTT has developed a satellite circuit transmission adapter that terminates terrestrial-circuit
transmission frames and translates satellite circuit transmission frames with an ATM cell base, and a satellite
circuit receive adapter and a satellite circuit receive board that assembles IP packets from ATM cells and
transmits them to the user terminal. It has also developed the file transfer protocols that are used for high
throughput with a communications satellite. Currently, as part of this multimedia activity, NTT is
conducting an experiment with a multimedia interactive satellite communications system for remote lectures
and distance education courses with Tokai University.
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EQUIPMENT AND FACILITIES
In the business area, NTT operates the N-STAR satellite. This large GEO satellite operates in 4 frequency
bands (S, C, Ku and Ka) and has 5 kinds of communications systems. N-STAR is used for remote island
communication and during traffic congestion for spill-over on the terrestrial networks. N-STAR is the first
Japanese communications satellite to provide mobile communications.
NTT is not a manufacturer of communications products, so it makes a public announcement to select the codeveloping manufacturing counterparts when it starts to develop new equipment or services1
MISCELLANEOUS OBSERVATIONS
Japan, with a large population in a small territory, has (with the help of NTT) built an excellent terrestrial
communications infrastructure. The population, especially the corporate user, expects good quality services.
Therefore NTT does not use much satellite communications for domestic service. However, it looks as if
NTT is going to be given the right to provide services outside of Japan, and its research activities seem to be
directed at that market.
CONCLUSIONS
NTT is an excellent company with a long tradition of allocating up to 5% of its total sales to its research and
development activities. It has an array of excellent laboratories performing R&D in nearly all areas of
communications.
As Japanese companies have been the first to combine computing and communications, it is important to
note that Japan also is ahead of the United States in understanding the impact that multimedia systems and
markets will have on communications. NTT has reorganized one of its three major laboratory groups to be a
"Multimedia System Laboratory Group" with a Multimedia Systems Development Center and a Multimedia
Networks Laboratory. Only the Media Lab at MIT compares to these R&D activities in this new technology
area.
The deregulation of the national and international communications carriers is taking place in Japan, although
the final details have not been released. So the long-term position of NTT will change, not necessarily for
the worse, as it will then be able to compete in the international marketplace.

1

Editor’s note: see Chapter 2 of the WTEC Panel Report on Optoelectronics in Japan and the United States
(http://itri.loyola.edu/opto/c2_s2.htm) for a discussion of NTT’s open tender process.
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Site:

Space Communications Corporation (SCC)
2-8, Higashi-shinagawa
2-chome, Shinagawa-ku
Tokyo 140, Japan

Date Visited:

June 5, 1997

WTEC:

C. Mahle (report author), K. Bhasin, R. DePaula, J.V. Evans, N. Helm

Hosts:

Katsutake Matsuoka, Director, Manager, International Business Development Dept.,
Communication Network Div.
Yasuo Otaki, Executive Vice President
Osamu Yamanaka, Dir., Deputy General Manager, Communication Network Div. &
Manager, Customer Service Dept.
Mitsuhiro Domae, Acting Manager, System Eng. Dept., Communication Network
Div.
John Leary, Frequency Coordination Sect., Procurement & Frequency Coordination
Dept.

BACKGROUND
Space Communications Corporation (SCC) was founded in 1985 by Mitsubishi Corporation and Mitsubishi
Electric Corporation as Japan’s first satellite business in the private sector. Today SCC is supported by 28
shareholders from the Mitsubishi Group and is a satellite operator providing space segment capacity to
several domestic and international customers.
SCC is a domestic and international Type 1
telecommunications carrier in Japan and received an international license in 1995. The company has a paid
in capital of approximately $600 million and revenues of approximately $200 million in 1996.
At the time of this WTEC visit, SCC had two satellites in orbit, Superbird A and Superbird B. Superbird C
was launched July 27, 1997. Superbird A and B are SS/L FS-130 satellites with 23 Ku-band transponders
(36 MHz channel bandwidth, 50 W TWTAs) and 2 Ka-band transponders (100 MHz channel bandwidth, 29
W TWTAs) located at 158° E (Superbird A) and 162° E (Superbird B). The single beam coverage extends
from north of Japan to Taiwan and includes Korea. Superbird C is an HS 601 satellite with 24 Ku-band
transponders (4 x 54 MHz, 4 x 36 MHz and 16 x 27 MHz channel bandwidth, 90 W TWTAs) and will be
located at 144° E. One beam covers Japan and Hawaii, two beams cover Northeast Asia and Southeast Asia
and a steerable beam can be pointed at most of the Asia-Pacific region.
Satellite operation is performed from two sites (one north of Tokyo, the second in western Japan), both fully
equipped for TTC&M as well as communications monitoring. The facilities also include a network
operations center for DirecPC service.
SCC has developed many different service offerings to serve a variety of customers. These include VSAT
networks, satellite news gathering (SNG) systems, satellite broadcast and distribution systems and private
networks. Services currently performed and/or contemplated in the near future are listed below.
VSAT NETWORKS
Local Government Network (LASCOM) is a network used to connect approximately 3,000 terminal points
(eventually 5,000) all over Japan, carrying TDF (telephone, data, facsimile, 32 kbps), simultaneous
command service 32 kbps), packet data exchange (32, 64, 128 kbps), digital video (64.384 Mbps), and
analog video service (17.1 MHz, 32 MHz) for emergency and non-emergency local government use. This
may be one of the largest VSAT systems.
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Satellite interactive TV system is used for remote communications and monitoring (for Tokyo Electric
Power Co). This network allows remote observation of construction sites, weather, etc. The remote camera
can be controlled from the home office in addition to telephone and facsimile transmissions.
A variable bandwidth (DAMA) system bused for telephone, facsimile, video conferencing and digital TV.
A telemetry/Telecontrol System is used for public utilities such as a gas company and an electric power
company. The outbound link is TDM, the inbound link is TDMA, the link quality is monitored and a switch
to a terrestrial backup is performed automatically. DAMA is used for ADPCM voice.
SATELLITE NEWS GATHERING (SNG)
SCC offers satellite news gathering services in Japan and also abroad. Both analog and digital techniques
(includes video and order wire) are in use. Analog service is expected to diminish. Vehicles with stabilized
antennas have been developed that can transmit news coverage while driving.
SATELLITE BROADCAST AND DISTRIBUTION SYSTEMS
In 1996 SCC established a new company, DirecTV Japan, in conjunction with Hughes DirecTV
International and other Japanese companies. This company will provide approximately 100 channels of
digital TV using the MPEG-2 format, and high quality audio (based on the Hughes U.S. offering) using 16
transponders on the Superbird C satellite.
Currently in use is CS broadcasting (DTM) via Superbird called “Skyport TV,” cable TV program
transmission, a data distribution service for weather data and news (850 kHz transponder bandwidth), a
BGM distribution system for department stores (450 kHz transponder bandwidth), and an interactive HDTV
distribution system for University Hospitals (forward link 32 Mbps HDTV, return link 6.144 Mbps NTSC,
both FEC Rate 3/4). This system is in operation with 8 universities and is expanding.
PRIVATE NETWORKS
Private networks are in use for schools (educational TV and on the job training), public utilities (gas
company, electric power company) and private companies.
SCC currently provides a DAMA service for customers. DirecPC service (a development by Hughes
Network Systems) has also been provided since January 1998. Three types of service are contemplated
(packet delivery, multimedia data pipe and Internet/intranet connections). The service will use a 12 MBps
data stream via Superbird A into a 45-60 cm antenna.
OTHER SATELLITE COMMUNICATIONS CAPABILITIES AND ISSUES
SCC expects future growth in Ka-band services. Superbird A and B each have three transponders at Kaband. Central issues affecting Ka-band services are expensive ground equipment, especially the transmitter,
and quality issues, especially rain fade. C-band is not considered usable by SCC for service in Japan, as
there are too many interference problems (terrestrial) and also no available suitable orbital slots.
SCC prefers to buy only spacecraft with proven designs but does consider using new technology up front. It
is focused presently on Japan and has some service outside. One of the new technologies considered
desirable is satellite antenna patterns with steeper rolloff as the borders with Russia, Korea, China and
Taiwan are very close and are located in a different ITU region. Frequency coordination is a major and
difficult issue for SCC.
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SUMMARY AND CONCLUSION
SCC is a satellite operator with an excellent business base that has a well developed service offering with
additional new services coming on line. It will use whatever satellite technology is readily available that can
satisfy its customers within the economic constraints of the market. Continued rapid growth of satellite
services can be expected.
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Site:

Toshiba Corporation
1-1, Shibaura 1-chome
Minato-ku, Tokyo 105-01, Japan
http://www.toshiba.co.jp/index.htm

Date Visited:

June 6, 1997

WTEC:

C. Bostian (report author), K. Bhasin, W. Brandon, A. Mac Rae, J. Pelton, S. Townes

Hosts:

Dr. Koji Ito, Chief Specialist, Space Programs
Hisayoshi Ohwaki, Manager, Commercial Business, Space Marketing Department
Kohei Takagi, Senior Manager, Marketing Space Programs Division
Y. Koishi, Group Manager, Space Information Group
Dr. Y. Kuriyama, Senior Manager, Space Engineering Division

BACKGROUND
Toshiba is a large and diversified electronics company.
following:
•

satellite integration and operation

•

attitude and orbit control systems (some are GPS-based)

•

solar arrays and Ni-H2 battery systems

•

sun sensors

•

star trackers

•

TT&C products

•

heat pipe embedded structure panels

•

communications payloads

•

antennas

•

TWTAs and SSPAs

•

scientific instruments and sensors

•

remote manipulation systems and other robotic products

•

solid lubricants and associated technologies

•

satellite ground segment

Its space products and activities include the

Toshiba is the only Japanese company doing space robotics. It has extensive robotics experience both on the
ground and in space. Current projects include robotics experiments on Space Shutte (MFD), ETS-VII and
JEM (the Japanese Experiment Module for the International Space Station). Research activities include
robotic vision systems that will recognize objects to be handled.
Selected Highlights of Toshiba Involement in Flight Programs
•

COMETS: bus design, integration and testing, ISL antenna and 21 GHz satellite broadcasting system,
structure and thermal subsystems

•

ETS-VII: system design, integration and testing, space robotics experiments, attitude and orbit control
subsystem, structure and thermal control subsystems, propulsion subsystem

•

TRMM: precipitation radar

•

ADEOS: attitude and orbit control subsystem, solar array paddle subsystem, interferometric monitor for
green house gases

•

ETS-VIII: large scale mesh antenna, solar array paddle, high accuracy clock system
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•

ALOS: antenna and receiver for L-band synthetic aperture radar, attitude and orbit control subsystem,
solar array paddle, GPS receiver

•

MFD: system design and manufacturing and testing of small fine arm

•

JEM RMS: remote manipulator system, main arm and console

RESEARCH AND DEVELOPMENT ACTIVITIES
Antennas
Large Deployable Antennas for ETS-VIII
Toshiba’s design uses a modular construction. The modules have a hexagonal cross section which has been
reported at different visited sites as having a diameter of 3, 4, or 4.5 meters. ETS-VIII will carry two large
S-band antennas (one for transmitting and one for receiving) with 17 meter physical apertures, each
constructed from 19 modules. The surface accuracy will be at least lambda/20. The feed will be a phased
array.
Our hosts discussed in some detail the problems of compensating for thermal distortion of the antennas,
particularly the possibility that thermal distortions may cause the main beams of the two antennas to point in
different directions. Toshiba’s plan is to use the spacecraft Attitude and Orbital Control System (AOCS) to
point the receiving antenna in the desired direction and then adjust the amplitudes and phases of the
transmitting feed array elements to compensate for thermal distortion.
Measuring the thermal distortions under field conditions will be difficult. Toshiba has tested one of the
modules on the ground. When ETS-VIII is on orbit, the spacecraft can be commanded from the ground to
do a conical scan of the antennas. Pointing errors can be determined from the measured patterns, and the
transmitting feed array adjusted to compensate for them.
The antennas will be designed and constructed to minimize thermal distortion. Carbon reinforced plastic
materials will be used, not metal.
ETS-VIII will not employ orthogonal polarization frequency re-use. The isolation between adjacent beams
has not yet been determined. The satellite may either re-use frequencies on every other beam (ABAB
pattern) or it may re-use frequencies on every third beam (ABCA pattern).
Other Technologies for Large Space Antennas
About 10 years ago Toshiba investigated inflatable and unfurlable antennas for space Company
representatives will not pursue these, however, but will emphasize instead the ETS-VIII modular approach
The ETS-VIII antennas are the largest that it is currently considering. Space antennas in the 13-15 m class
are sufficient to allow communication with hand-held terminals at S-band.
Toshiba developed a 3.5 meter effective aperture (3.8 meter physical aperture) Ka-band antenna for ETS-VI.
It was made of carbon fiber reinforced plastics and achieved an efficiency on the order of 50%.
Our hosts expressed the view that Ka-band was probably the upper frequency limit for mesh technologies.
As frequency increases, the mesh density must get higher (i.e., the mesh must get finer) and the modules
must get smaller.
L-band SAR Antennas
ALOS (Advanced Land Observation Satellite - to be launched in 2002) will carry an L-band SAR using a
Toshiba direct radiating phased array with approximately 400 elements. Its physical size will be 10m by 3m
and it will achieve 10 m resolution. (The optical portion of this satellite will achieve 2.5 m resolution.) The
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mechanical design will provide a lighter weight structure than was used in the SAR carried by the Japanese
earth observation satellite (EOS).
Robotically-Assembled Antennas
The 1992 WTEC team was briefed about some proposed experiments involving the use of robots to
assemble large antennas in space. These apparently will not be carried out. ETS-VII will do other space
robotics experiments. If there were a program to develop robotic techniques for constructing antennas in
space, Toshiba would be the company to carry it out. In the past the company made some proposals to the
government, but there is currently no experimental activity.
Position Determination
Toshiba is developing a high accuracy clock system which will carry an atomic clock. The spacecraft will
transmit a signal similar to that of GPS. The result may be a Japanese GPS-like system that will provide
higher accuracy than GPS.
Space Power
Toshiba buys solar cells for its panels from Sharp. The company is working on large-scale solar panels.
Batteries are currently not a hot research topic, although Toshiba is a potential supplier of Ni-H 2 batteries for
commerical use and is looking at the possibility of using lithium batteries developed for electric cars, in
space.
Toshiba is considering cooperating with the U.S. company International Fuel Cells in the development of
fuel cells for space applications.
Ion Engines
Toshiba is developing xenon ion engines but they are not ready for the commercial market. Performance is
good but cost needs to be reduced. One of its goals is a 150 mN thruster. Toshiba also builds the power
supplies for ion thrusters. It does not build chemical thrusters.
Onboard Processing
Toshiba has no special activities in onboard processing. It does develop computers for control applications.
Power Amplifiers
Toshiba built a 200 W 21 GHz TWTA that will fly on COMETS, and which has an efficiency of 50%.
Toshiba manufactures power FETs for the terrestrial market. It has modules that will deliver more than 10
W at L-band, but these are not space qualified. The company has an internal R&D effort on power FETs for
space applications. It is looking at HEMT devices for frequencies up to 90 GHz.
Free-Space Optical Communications
Toshiba has a laser communications experiment on ETS-VI. It developed the lasers, optical system, and the
fine pointing system. The company’s participation in OICETS is limited to the power subsystem; NEC is
doing the optics.
Toshiba is conducting research for NASDA on optical detectors in support of the Gigabit Satellite. Our
hosts were not familiar with the details, i.e., about which devices are under consideration.
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Other Optical Technologies
Toshiba is not presently investigating optical signal distribution onboard satellites, but our hosts view this an
important topic.
COMMENTS
We discussed the many proposals for NGSO systems and for Ka-band GEO systems and shared opinions
about the strategies and probable success of some of the ventures.
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Site:

Electronics and Telecommunications Research Institute (ETRI)
Yusong P.O. Box 106
Taejon, 305-600, Korea
http://www.etri.re.kr

Date Visited:

June 3, 1997

WTEC:

J.V. Evans (report author), J. Pelton

Hosts:

Dr. Seungtaik Yang, President
Dr. Sean Jong Chung, Vice President, Satellite Communications Division
Dr. Inscok Han, Principal Member of Technical Staff

BACKGROUND
The Electronics and Telecommunications Research Institute (ETRI) is one of about 60 research institutes
located at Taejon, Korea’s fifth largest city, lying roughly one-third the distance south of Seoul towards
Pusan. Of these institutes, about half are funded wholly or in part by the Korean government. ETRI has
about 1,700 employees and together with contractors employs a total of about 2,500 people. About 90
people are engaged in satellite-related work. The total budget of ETRI (government funding plus outside
contracts) is about $300 million.
ETRI divides its activities into (a) basic research, (b) semiconductors, (c) computers,
(d) telecommunications, (e) informatics, and (f) Korean information infrastructure. The work on
telecommunications represents about 60% of the whole, while semiconductors and computer technology are
each about 10%. The semiconductor work embraces both silicon (ETRI has developed a 64 Mbyte DRAM
chip and is working on a 2 Gbyte DRAM) and GaAs chips (including monolithic microwave integrated
circuits with feature sizes down to 0.3 µm). Currently, ETRI is collaborating with the Canadian
Communications Research Center (Ottawa) on the development of power amplifier modules for Ka-band
earth terminals (at 30 GHz). Earlier Samsung acquired the design from ETRI for S-band (PCS) power chips
and is having these fabricated in the United States. Work is also underway on lithium niobate optical
switches.
Perhaps ETRI’s largest contribution to telecommunications in Korea has been to develop switches and
software for the CDMA cellular system selected by Korea for its second generation (digital) cellular system.
This is now in operation in the Seoul area with more than one million subscribers. ETRI also redesigned the
base station channel units to reduce its cost (via creative use of VLSI circuits).
SATELLITE RESEARCH ACTIVITIES
Communications satellite research began at ETRI to support the development of ground-based terminals that
would utilize Koreasat-1 (launched August 1995) and Koreasat-2 (January 1996). Demand-assigned, singlechannel-per-carrier (DAMA/SCPC) and very small aperture terminal (VSAT) systems were developed and
commercialized by Daewoo Telecommunications Ltd. and Hyundai Electronics Co., respectively, but
currently these are said to be not price competitive with those imported from the United States..
ETRI has also been collaborating with LGIC and MPR Teltech Ltd. in developing a compressed video
system for digitally broadcasting television (DBS) using the MPEG-2 standard. The system, which was
completed in 1995, has been undergoing test by KBS since July 1996. Meanwhile, seven Korean companies
have completed the development of the receiver, to interface specifications provided by ETRI. Current
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attention is focused on a system for HDTV transmission (probably based on the U.S. “grand alliance”
standard) which the Koreans hope to have in place for the World Cup (soccer) in 2002.
Other research areas include antennas for mobile satellite communications, studies on the provision of
multimedia services via satellite broadcasting, phased-array antenna technology, and onboard processing.
While Korea Telecom is ETRI’s largest sponsor in the field of satellite research, the Ministry of Science and
Technology is also providing support for the development by ETRI (along with Hyundai Space and Aircraft
Company and Daewoo Heavy Industries, Ltd.) of the TT&C and mission control facilities of the Korean
earth-resources satellite KOMPSAT, due to be launched in July 1999.
SUMMARY
While perhaps not on the same scale, ETRI must be regarded as the “Bell Labs” of Korea and it is actively
engaged in all areas of communications and information research—ranging from basic research into the
properties of materials, through device work, to systems and economic analyses. Its support is partially
government and partially via contracts with commercial sponsors. The latter provides a vehicle for ensuring
collaboration with industry, though the transfer of technology to industry can also occur through outright
sale of ETRI-developed products. While, thus far, ETRI has had only limited impact on the Koreasat
program, this is likely to change as the use of satellites for digital broadcasting of TV (and later HDTV)
becomes important, and the distribution of multimedia via satellite commences. ETRI is a member of
various standards-setting bodies and, as such, is likely to be the agent in Korea that can ensure the smooth
integration of satellite-delivered and terrestrially-based services (e.g., ATM).
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Site:

Halla Engineering and Heavy Industries, Ltd.
Aerospace and Defense Division
8th Floor SIGMA Tower, 7-19, Sincheon-Dong
Songpa-Gu, Seoul, 138-240, Korea

Date Visited:

June 4, 1997

WTEC:

J.V. Evans (report author), J. Pelton

Hosts:

Dr. Hyochul Yun, Director
Dr. Hyo Keun Lee, General Manager
Dr. John Hee Cho, Senior Specialist
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BACKGROUND
Halla Engineering and Heavy Industries, Ltd. was established in 1977 by its Honorary Chairman, Dr. Chung
In Yung (co-founder of Hyundai Group), who is the pioneer of Korean heavy industries. Halla has grown
rapidly to become the 12th largest of the Korean conglomerates with 18 subsidiaries and assets of $7.5
billion.
Presently, the Halla group is a major player in a number of industrial sectors including shipbuilding, the
construction of pulp and paper mills, cement plants, automotive parts, heavy construction equipment
(bulldozers, graders, fork-lift trucks, etc.), climate control systems, and industrial plants and facilities (e.g.,
power plants). Halla has recently begun a move into the high-tech areas of computers and aerospace.
Supporting all of these activities is a large R&D program (with a central R&D center located at Dukso) and a
university (Halla Institute of Technology in Wonju). Halla also has entered the telecommunications business
as a part of the consortium that has the third license to operate as a long-distance carrier in Korea.
The aerospace sector at Halla includes satellites, launch vehicles and aircraft. In the launch vehicle area,
Halla is developing a single-stage liquid propellant (WFNA/kerosene) sounding rocket engine which will
develop 5,000 kgf of thrust. This is being treated as a “learning exercise,” the long-term objective being to
become a launch-service provider within about a decade. To support its satellite work, the Aerospace
Division is constructing clean room facilities at its R&D center at Dukso near Seoul for the assembly,
integration and test of satellites and components. These will be capable of handling intermediate sized
satellites. The R&D activities occupy 40 engineers divided into satellite and launch vehicle teams.
SATELLITE CONSTRUCTION AND LAUNCH ACTIVITIES
Halla was a subcontractor to McDonnell Douglas for the launch of the Koreasat-1 and 2 satellites, building
both nosecone fairings and the payload adapters (that fasten the spacecraft to the third stage of the launcher).
It also provided the separation systems and structure systems in the KITSAT program (for KAIST). Halla
will have a somewhat larger role in KARI’s KOMPSAT propulsion system (feedline and propellant tank) as
well as the assembly integration and test of the propulsion system module.
To date, Halla appears to have had greater success supporting launch vehicle prime contractors than satellite
manufacturers. It does intend, however, to enter the satellite manufacturing business. Besides the
investment in clean room facilities, mentioned above, Halla has had 25 engineers in training at McDonnel
Douglas and TRW for satellite and launch vehicle engineering in California and Florida. Halla has a small
role in the Koreasat-3 program as a subcontractor to Lockheed Martin and will perform integration and
assembly of the power subsystem, including the batteries, fuse boards and pyro relay assembly.
Halla may follow the Hyundai model of investing in satellite systems in exchange for a portion of the work
and the requisite technology, and is exploring relationships with prominent aerospace companies around the
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world. Halla has also invested $12 million in a joint venture with Lockheed Martin and Raytheon to create a
commercial remote sensing satellite program with a goal of supplying images with a resolution of 1 meter.
SUMMARY
Halla’s Aerospace Division claims to be Korea’s largest space company even though its revenue is only in
the millions. It has ambitions towards entering the launch business as its long-term goal and is developing a
liquid propellant sounding rocket as a learning exercise for its launch service company. It has been
somewhat less successful to date than Hyundai in capturing satellite related work, but has every intention of
pursuing this and is constructing appropriate facilities for assembly, integration and test at its central R&D
facility just outside Seoul. Halla has entered into a joint venture with Lockheed Martin and Raytheon to
create a remote sensing satellite company for which it would be the regional operator and shareholder, and
has another relationship with TRW for training its engineers. It also secured a relationship with McDonnell
Douglas under which it gets portions of the work involved when the Delta is employed to launch Korean
satellites.
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Site:

Hyundai Electronics Industries Co., Ltd. (HEI)
San 136-1 Ami-ri, Bubal-eub, Ichon-si
Kyoungki-do, 467-701, Korea
http://www.hei.co.jr/eng/emain.htm

Date Visited:

June 4, 1997

WTEC:

J.V. Evans (report author), J. Pelton

Hosts:

Dr. Myung Ki Lee, Head, Satellite Business Division
Mr. Yong Su Choe, Senior Manager, Satellite
Communication Division, Payload Subsystem
Mr. Koh Tae Il, Senior Manager, Marketing and Sales, Satellite Business Division
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BACKGROUND
With its 57 subsidiaries and assets of $60 billion, Hyundai is the largest of the Korean conglomerates.
Hyundai Electronics Industries (HEI), established in 1983, represents a little over 10% of Hyundai’s
business. Hyundai Electronics Industries has a strong position in semiconductors, having developed the first
256 Mbit Synchronous DRAM and first MPEG 2 decoder chip. Other business areas include displays (both
liquid crystal and flat panel plasma displays), multimedia systems and telecommunications. Hyundai
Electronics Industries has over 20,000 employees and in 1997 expected sales of over $5 billion, of which the
telecommunications sector would represent about 10%. HEI has subsidiaries in the United States (10), the
U.K. (2), Germany, China (including Hong Kong) (3), Taiwan, Japan, and Singapore. Countering its late
entry into the field, HEI has a rigorous R&D program, plowing 10% of its sales into this activity.
COMMUNICATIONS SATELLITE ACTIVITIES
Hyundai entered the communications satellite business through its participation in the Loral/Qualcomm
Globalstar project. In return for its $28.5 million investment contribution, Hyundai secured for itself the role
of Globalstar service provider in Korea, a portion of the satellite manufacturing activity and transfer of the
technology necessary to succeed in this, and a role in the assembly integration and test of the satellites.
HEI’s Satellite Business Division has the ambition to become a full satellite manufacturer, comparable to
those in the United States or Europe by the year 2001. To this end, it has a team of 10 engineers in Italy at
Alenia assisting in the assembly of the Globalstar satellites. The last two or three will be assembled in Korea
in a new $200 million large satellite manufacturing plant that is under construction.1 In this manner, HEI
will position itself as capable of AI&T. At the same time HEI is building components for the Globalstar
satellites, including low-noise amplifiers, the master local oscillator and the L/C-band up-converter. All this
work is being performed in new modern clean room facilities complete with a large assemblage of
automated test equipment to speed the post-manufacture checkout.
HEI managers believe that approaching its goal of full-scale satellite manufacturing through this “top-down”
and “bottom-up” approach (i.e., establishing an assembly, integration and test (AI&T) capability, as well as
being able to supply content) is its best strategy, and seem prepared to make whatever investments are
necessary to achieve this quickly. While the work force is currently 375 (100 of whom are engineers), it is
expected to grow to over 1,000 by 2001. A new building, 126 m by 75 m, is under construction, which will
house clean rooms for satellite integration, an antenna range, thermal vac and vibration rooms and screen
rooms. This facility was scheduled to begin operation in September 1998.

1

Hyundai has apparently delayed its plans to build the satellite manufacturing plant, according to the journal, Space News
(Aug. 31, 1998).
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Provision of service via the Globalstar System will be provided by a sister division (Hyundai Information
and Telecommunications), which is part of a consortium planning to offer service in a total of 15 Asian
countries. HEI, however, will likely supply some of the ground segment equipment. As a consequence of
its present relationships with Loral and Alenia, HEI is exploring an investment position in the Cyberstar
and/or Skybridge projects.
HEI also has a relationship with the Koreasat program. It has been developing VSATs for the Korean
market and a paging system network. It has secured a place on the Lockheed Martin team that won the
Koreasat-3 program and will build (with LM’s assistance) the Ka-band transponders.
HEI sees the growth of the communication satellite business being fueled by the demand for “personalized
communications,” i.e., services tailored to the needs of individuals or small groups (e.g., a business). This
demand will entail the creation of huge networks in which wireless and terrestrial facilities are
interconnected seamlessly. These networks will have to be “intelligent,” i.e., interactive and adaptive
(providing, for example, “bandwidth-on-demand”). Services to be offered by these networks will include
entertainment, education, business transactions, Internet access, etc.—all in digital format. The company
envisions individuals having a personal terminal that provides phone, paging, GPS positioning, fax, and email, all in a single small unit.
The Satellite Business Division has an R&D activity employing 75 people engaged primarily in developing
technology for space and ground antennas, and for transponders. To this end, the R&D program includes
work on active phased arrays for Ka and Ku-band, beam-forming networks, and GaAs monolithic integrated
circuits (MMICS). The group has its own GaAs fabrication facilities and is currently developing circuits
with feature size of 0.6 µm.
SUMMARY
Hyundai, the largest of the Korean conglomerates, has made a strategic decision to enter the communications
satellite market and has an ambitious plan to become a full-scale satellite manufacturer by the year 2001. To
this end it has formed a Satellite Business Division within Hyundai Electronics Industries and entered into a
relationship with Loral, which has secured for HEI a role in the Globalstar Program. This includes the
manufacture of some of the payload components and transfer of technology in the assembly, integration and
test (AI&T) of satellites. Large, new facilities are under construction to support this activity (which were
scheduled for completion by September 1998 and will be used to assemble and test the last two or three
Globalstar satellites). Hyundai is also involved with the Koreasat program, having developed VSAT and
paging systems for Koreasat-1 and 2, and captured the Ka-band transponder portion of the contract to
construct Koreasat-3.
While HEI’s plans seem exceedingly ambitious, there appears to be the commitment in terms of the
investment necessary for training, new facilities and R&D to succeed. Moreover, the Korean approach to
securing technology transfer through strategic investments, alliances and/or the outright purchase of
subsidiaries appears to be working well. Taking a position in the Loral Cyberstar Ka-band project is under
consideration.
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Site:

Korea Aerospace Research Institute (KARI)
P.O. Box 113, Yusung Post Office
Daejun, 305-600, Korea

Date Visited:

June 3 1997

WTEC:

J.V. Evans (report author), J. Pelton

Hosts:

Dr. Hong-Yul Park, Head, Satellite Application Department, Satellite Division
Dr. Ok-Kyu Lee, Senior Engineer, Planning and Budget Section
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BACKGROUND
The Korea Aerospace Research Institute (KARI), was established under the Ministry of Science and
Technology in accordance with the Korea Aerospace Promotion Law of 1989 enacted by the Korean
government. Its main functions include conducting R&D on satellites, sounding rockets and aircraft,
technical support for Korean aerospace industries, and assistance to the government’s policy in the aerospace
field.
As of 1997, KARI had 285 employees and an annual budget of about $100 million. Like NASA, KARI is
involved in both space research and aeronautical studies. For the latter work, the overall testing building,
with a structure and flight dynamic laboratory and a propulsion test facility, was constructed in 1995. A low
speed wind tunnel was planned for completion in 1997. Space research will be conducted in an Assembly,
Integration and Test Center (AITC), which was completed in 1996, and in a planned ground station.
As the international collaboration inherent in aerospace technology is much emphasized, KARI signed
MOUs with 15 advanced organizations in the United States, the U.K., France, Russia, China, Israel, and
Poland.
KARI has developed a single-stage sounding rocket that was successfully launched twice in 1993 for
sounding the vertical distribution of the ozone layer over the Korean peninsula, consecutively developing a
two-stage sounding rocket capable of reaching 150 km. KARI has also taken a step towards research into
satellite communications with the development of Mission Analysis Software, which is a tool for analyzing
satellite orbit, attitude determination and maneuvers. Work is also ongoing in electric power distribution,
telemetry, command and ranging subsystems.
SATELLITE RESEARCH ACTIVITIES
The principal project currently underway in KARI is the Korea Multi-Purpose Satellite (KOMPSAT)
program. This is seen as a series of multipurpose satellites of which only KOMPSAT 1 has been defined so
far. This will be a 500 kg class spacecraft to be launched in 1999. KARI is the program manager for this
satellite and will perform the assembly, integration and test of the flight hardware.
KOMPSAT 1 will be an earth resources sensing and scientific experiment satellite. Supporting the
KOMPSAT 1 program is TRW in the United States, which will integrate the proto flight model and assist in
the integration and test facilities in Taejon. Seven Korean companies are involved in constructing
components for KOMPSAT 1, which is to be 60% Korean in content. They are Korean Air, Doowon,
Samsung Aerospace, Daewoo, Hyundai, Halla, and Hanwha. Other Korean participants include ETRI,
KAIST and several other universities.
In preparation for its role in KOMPSAT 1, KARI has built an impressive suite of clean room facilities,
equipped with thermal vacuum chambers of various sizes, vibration and other test facilities.
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SUMMARY
KARI is the entity in Korea that most closely resembles NASA in the U.S. in that its mission is to perform
research in space and aeronautics with a view to assisting Korean industry in those fields. A program of
building a series of multipurpose satellites (KOMPSAT) is being undertaken with the intention of securing
technology transfer from overseas (principally the U.S.) and providing a vehicle for Korean content.
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Site:

Korea Telecom
143-181, 680-40 Jayang-dong
Kwangjin-ga, Seoul, Korea
http://koreasat.nc.kotel.co.kr/welcome.html

Date Visited:

June 2, 1997

WTEC:

J.N. Pelton (report author), J. Evans

Hosts:

Dr. Han Kwangbo, Executive Vice President, Satellite Business Group
Sang-Wook Kim, Managing Director, Communications Satellite Research Office
Chun Wan Jong, Team Leader, Satellite Communications Team
Gyusang Jang, Director, Satellite Service Development Team
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BACKGROUND
Korea Telecom (KT) is a 60,000 person organization which uses fiber optics, coax, wire, wireless (LMDS)
and satellite technology to provide telecommunications, including long distance and international services, to
Korea. It currently has about 87% market share, with the remainder of the fixed telecommunications
services provided by its competitor Dacom. By July 1997 a third competitor for services was to be created,
as a new telecommunications provider in the form of a consortium. Dacom and KT will be allowed to invest
no more than 5% each in this new entity and other existing organizations will be allowed to invest no more
than one-third.
The partners in this consortium will come from organizations already in the
telecommunications business.
KT is the Korean signatory to INTELSAT and Inmarsat and also an investor in ICO Global, the land mobile
satellite spin off of Inmarsat. With the deployment of Koreasat-3, however, KT will be providing
competitive regional services to INTELSAT. KT is currently wholly owned by the Korean government, but
is moving toward privatization, although the schedule is not yet set and the issue of the final ownership,
control and operation of Koreasat, which was a KT project, has not been clarified by the Ministry of
Information and Communications. KT revenues for the year prior to the visit were approximately $7 billion,
of which $500 million or 7% of earnings were re-invested in research and development. Both revenues and
investment in research were up from the previous year. In 1991, for instance, only 4% of net revenues were
re-invested in R&D. The KT Satellite Group employs approximately 250 people. This organization largely
carries out applied, near-term research and strategic planning rather than basic research, which is financed
through contracts at KARI, KIAST and especially ETRI.
R&D ACTIVITIES AND THE KOREA SATELLITE PROGRAM
The Koreasat-1, 2, and 3 satellites were manufactured by Lockheed Martin with Korean subcontractors. In
the case of Koreasat-1 and 2 Korean participation consisted of LG Information and Communications
(LGIC), which provided ground station equipment and communications system monitoring, and tracking,
telemetry and command systems, while Korean Air supplied solar array substrates and the central structure
of the satellites. In the case of the much larger and more sophisticated Koreasat-3 system, Korean
participation has increased to 20% of the total contract value.
The most dramatic differences with Koreasat-3 are the provision of 3 Ka-band transponders providing 55.0
dBW EIRP. There are also 24 Ku-band transponders for fixed satellite service and 6 Ku-band transponders
for direct broadcast satellite (DBS) services. This doubles the capacity of the first two Koreasats. There is,
in addition to Ka-band coverage of the entire Korean Peninsula (North and South Korea), a broadly regional
Ku-band beam covering all of Southeast Asia including India, Pakistan, Bangladesh, China, Japan, Australia

244

Appendix D. Korean Site Reports

and New Zealand, as well as a 3 degree beam that could cover much of India, the most densely populated
portions of China, or Japan.
Koreasat-3 is based on the Lockheed Martin A2100 bus and payload, and is to be launched by an Ariane
launch vehicle in August 1999 to a geosynchronous orbit at 116 degrees E. It will have a 12 year projected
lifetime plus 3 years of extended life. Koreasat-1 was launched on a Delta II on August 30, 1995, and
Koreasat-2 was launched on a Delta II on January 16, 1996. These two satellites, currently located at 116
degrees, are to be repositioned to 113 degrees when Koreasat-3 is deployed.
Currently, KT is planning for the possibility of Koreasat-4. Satellite characteristics, its intended market, and
the range of projected services are still under evaluation. It is possible that KT might instead consider such
options as joining in partnership with one of the proposed new global Ka-band satellite systems, deploying
one or more high altitude long endurance platforms (not currently a prime option until this technology is
proven), or decide to rely on terrestrial fiber optic cable or wireless LMDS technology. It seems clear that in
the new competitive market, KT will need to establish a much stronger market case to proceed and that it
will be more reluctant to spend freely for R&D at ETRI, KARI or elsewhere, i.e., its current expenditure of
7% of revenues on research may be forced downward.
There are several key issues in this new satellite design. One is the extent and nature of regional Ku-band
coverage. The most ambitious design would likely be a multibeam design with perhaps 30 to 40 beams of
one degree width to cover much of the heavily populated parts of Asia and interconnected with on-board
processing that is capable of handling broader band multimedia services.
The Koreasat systems are capable of providing fixed satellite services, direct broadcast satellite services,
very small aperture terminal (VSAT) business services up to T-1 rates, satellite news gathering, TVRO
service to support cable TV systems and other applications, such as satellite mobile data system services. It
was noted that the Ministry of Information and Communications has awarded 24 new cable television
licenses and that these systems are likely to be authorized in the future to provide interactive
communications services. This means that Koreasat-4, if it is to be deployed, must be cost-effective with
regard to conventional satellites, LMDS, cable television links or fiber optic systems. It was acknowledged
that new interactive terminals that can receive video services and uplink broadband (i.e., 64, 128, 144 kbps
or perhaps higher rates) would need to be available at $800 per household or less to be competitive. It was
acknowledged that system availability rates in the Ka-band would be difficult to achieve at levels beyond
99.5%.
SUMMARY
The most important decision for Korea’s future development in the field of satellite communications is
whether to proceed with Koreasat-4. There are key related questions of great significance as well, such as
how technically demanding will be its design, how will future ownership and operation of Koreasat be
carried out, and how strongly does Koreasat seek a large regional telecommunications market with such a
new facility. The coverage of the direct broadcast beam of Koreasat-3 and 4 for all of the Korean peninsula
also gives political significance to this project.
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Site:

LG R&D Complex
533 Hogyo-dong, Dongan, Anyang-shi
Kyongki-do, 431-080, Korea

Date Visited:

June 1, 1997

WTEC:

J. N. Pelton (report author) and J. Evans

Hosts:

Wanyoung Yu, Senior Managing Director
Young-Moon Heo, Exec. Director, Planning of Technology
(LG Information and Communications)
Zeeman Ryu, Executive Director, Multimedia Research Lab
Yong-Il Choi, Chief, R&D Center
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BACKGROUND
LG is primarily engaged in electronics, energy, and chemicals. It is the third largest of the Korean chaebols
with 49 subsidiaries, assets of $42 billion. Its major subsidiary engaged in satellite communications is LG
Information, and Communications (LGIC) and its products are known under the trademark of Goldstar.
Chaebols involved in space related activities can be ranked in terms of assets as follows: Hyundai (1),
Samsung (2), LG (3), Daewoo (4), Sunkyong/SK Telecom (5), and Halla (11).
Currently, LG is engaged primarily in satellite communications from the perspective of ground antenna
systems. LG has invested in Globalstar on the basis of obtaining key contracts for the Globalstar ground
network system. It is also seriously considering the possibility of investment in the Lockheed Martin
Astrolink Ka-band multimedia satellite system. Again, such investment in Astrolink would be conditioned
on obtaining ground segment contracts.
R&D ACTIVITIES
LG Electronics managers believe that they have most of the technology needed to make the company a large
scale manufacturer of ground antenna systems from micro-terminals, to VSATs, to larger base station
national gateways, to TTC&M facilities. They are interested in acquiring additional new technology or
forming new partnerships or joint ventures is in the area of solid state parametric amplifiers. LG is also
providing component parts for TWTs for Koreasat. LG is highly focused on the ground terminal marketplace
through international partnerships for technology transfer and some of its own R&D and is not carrying out
satellite communications payload related research.
SUMMARY
While many of the Korean aerospace companies are seeking to develop a wide range of capabilities in terms
of components, assembly, integration and test, and spacecraft bus systems and technology, LG has largely
oriented its future role toward ground systems and VSATs. This is reflected in its role with regard to
Koreasat and in its international satellite system investments.
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Site:

Ministry of Information and Communications
Satellite Division, Radio and Broadcasting Bureau
116 Shinmun-ro ga
Chongro-ku
Seoul, 110-700 Korea

Date Visited:

June 2, 1997

WTEC:

J.N. Pelton (report author), J. Evans

Hosts:

Lee, Jae-Tae, Director, Satellite Division
Yuk, Jai-Rim, Deputy Director, Satellite Division
Cho, Sung Tae, Senior Staff Member

BACKGROUND
The Ministry of Information and Communications (MIC) is responsible for regulating the emerging
competitive market in Korean telecommunications. As far as satellite communications are concerned, MIC
shares to some extent the responsibility for establishing policy in this area with the Ministry of Science and
Technology (MOST). Funding for the Electronic Technology Research Institute (ETRI) is provided largely
through MIC and industry, even though ETRI must compete for its funding on a competitive basis with other
research institutes. Funding for KARI (Korea Aerospace Research Institute) is provided through MOST.
MIC has specifically been responsible for defining the Group on Basic Telecommunications (GBT)
agreement that has been entered into by Korea under the World Trade Organization agreements concerning
telecommunications and international trade. This plan indicates that there are to be three international
telecommunications carriers namely Korea Telecommunications (KT), Dacom, and Oase Telecom, which
was established last year. The ownership of this consortium has certain limits. Foreign satellite carriers such
as Asia Sat, PanAmSat, Orion, Apstar or others are not allowed direct access to the Korean market, but in
theory they could establish, under the terms of the GBT/WTO agreement, a local subsidiary in which they
own no more than 33.3%, to establish such direct access. International investment in Korean
telecommunications carriers is limited to 20%.
To date, no such access through a new "outside carrier’ has been set up, even though PanAmSat and EBS
(Education Broadcast System) of Korea have expressed interest in doing so.
Currently, KT is government owned and also is the sole owner of Koreasat, but KT is in the process of being
privatized. One of the aspects of this "spin off" concerns the ownership and control of Koreasat and the
process whereby the next generation of Koresat will be developed.
R&D ACTIVITIES
Activities concerning other Korean projects such as KITSAT-1, 2, and 3 (a KAIST project) and the Korea
Multi-Purpose Satellite (Kompsat 1 and 2) and the follow-on systems (a KARI project) are largely funded
and controlled through the Ministry of Science and Technology. (See separate site visit reports on KAIST
and KARI.)
Possible launch vehicle development and bus technology are being coordinated though MOST and KARI,
with industrial participation largely at Halla and Hyundai. At the time of this visit (1997), no single ministry
had an overall role with regard to coordinating a single space research and development plan. Likewise,
there did not seem to be a single legally designated governmental body with a specific role in resolving
technology transfer issues, intellectual property or international partnership or international joint ventures
involving space.
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The MIC staff appears to be aware and supportive of a number of current investments by Korean industry in
international satellite projects. This is seen as not only international investment, but also in a number of
cases as a means of technology transfer and development. The current status is as follows:
Mobile Satellite System (GMPCS)
•
•
•
•
•
•

DaCom—investment in Globalstar
Hyundai Electronics—investment and participation in Globalstar (20 Asian national franchises for
Globalstar service)
Korean Telecommunications—investment and participation in ICO Ltd.
S K Telecom (Formerly Korea Mobile Telecom—investment and participation in Iridium including 18
Asian national franchises to provide Iridium services
Shensegi—investment and participation in ICO Ltd.
Samsung—investment and participation in ICO Ltd.

Remote Sensing Systems
Halla—Lockheed Martin High Resolution Remote System
Standards
Another key aspect of MIC's mission is the coordination and implementation of telecommunications
standards for Korea, and filing for new satellite frequencies with the ITU. The primary standards
organization in Korea is the Information Technology Agreement (which is somewhat like the EIA in the
United States). Korea also participates actively in the ITU as well as in the Asia-Pacific Telecommunity of
Bangkok, Thailand. Our hosts indicated that within the Asia-Pacific Telecommunity, Japan played a very
strong leadership role in this respect, but that Korea was also increasingly active. ETRI is currently playing
a key standards role with regard to defining “Future Planned Land Mobile Telecommunications Services
(FPLMTS)” which has been renamed “IMT 2000” by the ITU. ETRI, which is heavily funded by MIC as
well as the Korean telecommunications industry, has created under its leadership a 92 member consortium to
clarify and define this key new mobile telecommunications standard.
SUMMARY
The Ministry of Information and Communications is currently focused on the privatization of Korea
Telecom and on creation of a new consortium as the third competitive carrier. The decision as to how the
ownership of Koreasat will be structured in the new competitive telecommunications market was unclear at
the time of this visit. Certainly MIC and MST share some responsibility as to the future R&D funding and
support for new satellite communications technology and system development in Korea.
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Site:

Korea Advanced Institute of Science and Technology (KAIST)
Satellite Technology Research Center
373-1, KuSeong-Dong, Yuseong-Gu
Taejon 305-701, Korea

Date Visited:

June 3, 1997

WTEC:

J.V. Evans (report author), J. Pelton

Hosts:

Dr. Dan Keun Sung, Associate Professor, Department of Electrical Engineering

BACKGROUND
The Korea Advanced Institute of Science and Technology (KAIST) is a technology university that would
correspond roughly as the MIT of Korea. It has about 2,500 undergraduate students and 4,000 graduate
students. KAIST was selected in 1990 by the Korea Science and Engineering Foundation (KOSEF) for the
establishment of a Satellite Technology Research Center (SaTReC), with financial support from the Ministry
of Science and Technology (MOST) and the Ministry of Information and Communications (MIC) for space
research and the training of engineers.
SaTReC commenced its foray into space research by sending a team of engineers to the University of Surrey
(U.K.) where they assisted in the construction of a 50 kg microsat (KITSAT-1), which was launched (by an
Ariane 4) in August, 1992. KITSAT-1 carries a CCD earth-imaging camera, a packet store-and-forward
communication system and a cosmic ray experiment. KITSAT-2 was then built in Korea using much the
same technology and format, but with a low-energy electron detector and IR sensor experiments replacing
the cosmic ray experiment. KITSAT-2 was launched in September 1993.
At the time of the WYEC visit, SaTReC had a budget of about $12.5 million, with 60 faculty and students
engaged in satellite research and engineering. The faculty members come from a number of different
departments. The institute has relationships with the University of Surrey, University College, London and
the University of Iowa and it sends students to these institutions.
SATELLITE RESEARCH ACTIVITIES
Currently, SaTReC is building KITSAT-3, a 100 kg microsat to be launched by India in 1998. This will be a
3-axis stabilized satellite in a Sun-synchronous orbit, whose principal payload instrument will be a threechannel (red, green and near IR) CCD camera with 15 meter resolution. The camera is being developed
jointly with the University of Stellenbosh in South Africa. Other instruments include an experiment to
measure radiation effects on solid-state memory devices, an electron temperature probe, a magnetometer,
and a high energy particle telescope. Attitude control will be via gyros and a star-sensor with a goal of 0.5°
pointing accuracy.
SaTReC is presently operating KITSAT-1 and 2 and has the capability to capture the stored image data as
well as data obtained by the French SPOT-Image and JERS-1 satellites (via a 13 m fully steerable antenna).
VAX computers and Sun workstations are employed in the processing center.
While the Institute has the capability of developing most of the hardware necessary for its microsatellite
program, it lacks the facilities for environmentally testing a complete spacecraft, and for KITSAT-3 is
depending upon the nearby Korea Aerospace Research Institute (KARI) for this.
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SUMMARY
The Satellite Technology Research Center of KAIST is an interdisciplinary research center funded
principally by the Ministry of Science and Technology for training scientists and engineers in space research.
Its program includes the construction and operation of microsatellites at a rate that is targeted at every two
years.
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Site:

Aerospace Corporation
Box 92957
Los Angeles, CA 90009-2957

WTEC:

William T. Brandon (report author), Neil Helm, Chris Mahle
Ed Senesack (Observer, DOD, Office of Space Architect)

Hosts:

David Hickman, Manager of Systems Engineering
Ned Feldman, Senior Staff Member
Marsha Weiskopf, System Engineer, Frequency Spectrum Manager

BACKGROUND
Aerospace Corporation is a federally funded research and development center, established to provide
technical support to the U.S. Air Force’s programs in space and missiles. 1 This report focuses on satellite
communications.
The discussions touched on a wide range of subjects: the emerging LEO and MEO systems; launch
technology and launch costs; need for frequency re-use in military bands; impact of wavelength division
multiplexing in fiber; some problems with reliance on cable; protocol issues in the use of satellites for data
transmission; need for terminal phased arrays; the widely diverging views of technology evidenced in
proposed commercial designs; problems and prospects for military use of commercial satellite systems;
acquisition reform in satellites; some advanced system studies; and some innovations in contracting.
Based on such observations as the interest France had shown in EHF technology during planning activities
for possible joint, international military satellites, it was suggested that the United States was in a leading
position in EHF and onboard processing for communications.
Aerospace maintains a very competent on-orbit support capability for launch certification and analysis of
parts failures (on-orbit). In addition, independent end-to-end testing has also been accomplished.
Research has been severely de-scoped (due to short-term focus and general budget reductions). However, a
small technology demonstrator project featuring micromachines and effort in support of reusable launch
vehicles are ongoing.
DEFENSE (SATCOM) ARCHITECTURE ACTIVITIES
Planning activities for military satellite communications since 1992 were briefly overviewed (e.g., internal
studies, the attempt to define and negotiate an international SHF program, and recent efforts of the DOD
Space Architect). The major U.S. military satellites (UHF, SHF, EHF) reach end of life at approximately the
same time. While it would be tempting to embrace quantum change, important constraints exist: the
investment (dollars and time to deploy) in military terminals` creates a critical need for backward
compatibility; advances in waveforms and desire for future flexibility must be balanced with the difficulty of
changing waveforms with a processing satellite repeater; and there is a need for higher data rates per channel
and more channels, all in a satellite launchable with a medium size or smaller launch vehicle. Effort now
addresses an advanced wideband system, intended as an evolution of the EHF system (for increased capacity
and link data rates). Envisioned as a four GEO constellation, this is viewed as a transitional architecture.
The satellites would carry phase 3 global broadcast transponders. Because of the personal communications
revolution, decisions to extend or replace UHF systems will be deferred slightly.
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LEO/MEO REVOLUTION
A major aspect of newer constellations in lower orbits is the management problem of large constellations,
including handovers during sessions. A trend indicated in these systems was a tendency to make use of
existing technology in revolutionary ways, rather than require new technology. An example of activity to
extend battery life in hand-held radios was cited. Lithium ion batteries may offer twice the energy density of
nickel hydrogen for GEO satellites, but industry is focused on small consumer appliances. Government
agencies around the world (e.g., USAF and NASA) are trying to support development of larger (20 to 40
ampere-hour) sizes for space.
Aerospace performed a study for the European Space Agency (ESA) on the communications payload for a
satellite providing mobile services to determine if an all digital processing repeater for about 5,000 voice
circuits was feasible. The study identified several alternative architectures and how they scaled with the
number of circuits. The conclusion was that an FFT polyphase filter bank with narrowband channelization
(i.e., three 4 MHz L-band channels), implementable with available chips, resulted in the minimum power and
was attractive. The study is believed to have influenced the ICO system design.
OTHER TRENDS AND CHANGES
In addition to systems using lower altitude orbits and larger numbers of satellites, Internet via satellite and
DirecPC signal a change in direction. Protocols used for cabled communications require revision for
integration or interoperation with satellites.
The roles of fiber optic and satellite communications for military communications remain uncertain. While
performance of fiber (BER 10-10 ) had been equaled by COMSAT/INTELSAT with concatenated error
correction codes, the fact remains that more powerful codes introduce sharp thresholds in performance, (i.e.,
once the threshold is reached by a jammer, the error rate will increase dramatically, but the jammer power
required to reach this level is somewhat higher than in the absence of coding). Similarly, the assumption that
fiber optic cable will suffice for all military communications needs to be examined in terms of likelihood of
reaching critical areas, landing rights, vulnerability of cable landing points, and cable physical vulnerability.
Aerospace foresees a pressing need for frequency re-use technology in military satellite frequency bands due
to increases in traffic demand and low probability of greater allocations. This suggests smaller spot beams,
digital beam forming, and phased arrays.
SATELLITE ACQUISITION REFORM
Since an objective of reform is to reduce development time, and the transition architecture goals include
performance enhancement, it was proposed that an engineering model of a next generation EHF
communications payload be funded for risk reduction. The proposed effort was limited to the baseband part
of the payload. The general reduction in budgets and the tendency to focus on program specific problems
have transformed the nature and quantity of technology development and research performed by Aerospace.
A recent Aerospace initiative that runs counter to this trend is a proposal to build and fly an
experimental/demonstration microsatellite using nano-electromagnetic components.
Several parallel funded studies (PRDA contracts) were awarded to industry to address the questions of the
use of commercial satellite systems for military purposes, namely, is this feasible, what are the issues, and
what modifications would be suggested to make this more attractive? Both satellite manufacturers and nonmanufacturers were included. The findings indicated clear lack of commercial interest in antijam provisions
and modifications, including hardening for prompt nuclear effects.
Requiring satellite delivery three years after contract award led to process reviews. The conclusion was that
fixed requirements and assured funding were both needed for reduced development time. There is a
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tendency for military requirements to be unrealistic at the beginning of a program but also to grow during
development. Despite increases in the requirements, the annual funding levels are often not increased;
instead, more years are added in development to reduce risk and cover the higher costs. The lead time for
developing a contract for military versus commercial satellites was also studied: The need to convince
investors that a development is low risk leads to about three years of development prior to commercial
program inception; whereas this development is normally a part of a military procurement. The processes
are similar but the point at which the clock is started for timing the development is not consistent.
For advanced technology, rather than performing research, an Aerospace site office advises the Air Force
Phillips Laboratory on technology development programs for space, including satellite communications.
METRICS
Performance measures or metrics have come under discussion. When a new military system is proposed, the
“requirements” are reviewed by the Joint Requirements Oversight Council. In addition to what is the
estimated cost, a pervading question is, “what (or how) good is the new system?” Military commanders
desire to quantify the “military utility,” which is often difficult. In a commercial context, the market resolves
the issue by determining what price is acceptable for a service.
Significant progress has been achieved in lowering cost per kbps for communications satellites. However,
cost/pound in orbit has shown little or no progress. This is because neither launch costs nor development
costs have dropped significantly. Each pound of communications payload has become more complex due to
advances in antenna beam forming, digital signal processing and migration to higher frequency bands.
REFERENCES
Aerospace Corporation. March 1997. Selected briefing charts on the Aerospace Corporation’s organization, objectives,
history, program responsibilities, areas of technical leadership and vision.
N. Feldman, J. Han, D. Ksienski, K. Soo Hoo, T. Tam and K. Woo, Aerospace Corporation, “Tradeoff Study of OnBoard
Digital Signal Processing for Satellite-Based Personal Communications,” IAF-94-M.2.282, 45th Congress of the
International Astronautical Federation, October 1994.
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Site:

Boeing North American, Inc.
1101 Seal Beach Blvd.
Seal Beach, CA 90740
http://www.boeing.com

Date Visited:

June 23, 1997

WTEC:

N. Helm (report author), W. Brandon, C. Mahle, H.E. Senasack

Hosts:

Samuel Harris, Program Dev. Mgr., Commercial Satellite Systems
Frank DeMarria, Chief Programs Eng., Satellite & Defense Systems
Steve Scott, Manager, Program Dev., Navigation Program, GPS
John Shea, Manager, Satellite Systems Engineering
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BACKGROUND
Boeing North American (BNA), Inc. acquired this Seal Beach facility in late 1996 from North American
Rockwell. The multi-building facility was used by Rockwell to build large defense and space hardware
including Apollo launch vehicle stages. Boeing has two major divisions: commercial space (primarily
airplanes), and defense and space. This Seal Beach facility was acquired to enhance the capabilities of the
defense and space division.
RESEARCH AND DEVELOPMENT
The first 44 Navistar global positioning system (GPS) satellites were built at this Seal Beach facility. This
was the largest number of a similar series of spacecraft ever built. Thus, assembly-line techniques were
established for spacecraft during a period of time when nearly all satellites were individually hand built.
Today, the commercial use of the GPS system is growing much faster than the defense uses. In the satellite
industry, GPS receivers are being built into onboard tracking and navigation systems for internal and
external positioning.
The new IIF block of GPS satellites will have a 15 year design life (12.7 year contractual life), weigh 4,550
lbs, with 1,560 W of power EOL. The satellites will be built to be compatible with the overall GPS
constellation, but will improve the navigation accuracy to three meters. This will include the use of UHF
crosslinks. The cost of a GPS satellite has declined from $44 million in the initial acquisition to $26 million
for the IIF series. To keep the production costs low for the new IIF satellites, improved assembly line and
test procedures will be employed by BNA. The first IIF satellite is scheduled to be launched in 2001.
COMPACTSAT
CompactSat is a new family of flexible, low cost communications satellites built with the know-how that has
come out of the GPS legacy, but with the modern facilities that have been installed for the new GPS block
IIF series. Boeing North America is planning to market this new modular family of spacecraft to fit many
applications and designs. For example, the CompactSat bus can support payloads in the L, S, C, Ku, Kabands and/or hybrid combinations of those bandwidths. The payload power can range from 2,500 to 5,000
W with a mass of 165 to 400 kg.
BOEING/TELEDESIC
A formal relationship now exits between Boeing and Teledesic. The Boeing North American experience is
now being passed on to the Teledesic program in the form of BNA engineering teams that have been
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assigned to Teledesic. This engineering gives Teledesic a much higher level of technical legitimacy. The
recent Teledesic design changes reflect this increased level of spacecraft maturity and know-how.
EQUIPMENT AND FACILITIES
The BNA integration and test facilities were upgraded and improved for the new GPS IIF series. These
facilities include one of the largest thermal vacuum chambers in the world with a working area of 25 ft wide
X 30 ft long and 19 ft high. In addition there is a dynamic balance table, a spacious anechoic chamber and
acoustic, infrared test chambers. These facilities are equipped to handle up to eight spacecraft at one time.
MISCELLANEOUS OBSERVATIONS
The BNA hosts were gracious and open in sharing their thoughts for improved government/industry
cooperation. They noted that government activities in three areas: spectrum, technology and finance/tax
benefits, could be extremely helpful to industry. The spectrum area included faster coordination and
approval of frequencies. Technology in launch systems, laser crosslinks and superconductivity were
mentioned. Finally, tax benefits for R&D and improved access to capital were deemed important.
CONCLUSIONS
Boeing North America has a satellite legacy with the GPS program that saw the use of a modular assembly
line that built a series of identical satellites. New integration and test facilities for the block IIF series of 33
spacecraft will be successful in reducing costs. The CompactSat commercial family of flexible satellites
built around a GPS bus should make BNA competitive in the small to medium size satellite market.
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Site:

COM DEV
155 Sheldon Drive
Cambridge, Ontario, Canada N1R 7H6

Date Visited:

May 5, 1997

WTEC:

A. Mac Rae (report author), K. Bhasin, C. Bostian, W. Brandon

Hosts:

Dr. Chandra Kudsia, Chief Scientist
John Stuart, Vice President, Business Development
Dr. Phil Cowles, PMTS - Product Engineering
Bharat “Bob” Tailor, Business Development Mgr., IF Processing and SAW Products

BACKGROUND
COM DEV was formed in 1974 and is a global designer and manufacturer of high quality space and ground
based wireless communications products and sub-systems. It consists of two operating units, The Space
Group, which the WTEC team visited in Cambridge, and the Phase Group, a 1996 acquisition located in
England. The latter group designs and manufactures equipment used for terrestrial mobile, fixed wireless
local loop, and fiber-coax markets. The company is listed on the Toronto and Montreal Stock Exchanges
and did $101 million (or ~ $75 million U.S.) business in 1996, up from $63 million in 1995, with a profit of
$11 million in 1996. It spent $22 million in R&D in 1996. Its work force has grown from 600 to 1,300
people in the past year. Recently, the company established a joint venture in Xian, China to manufacture
both space and terrestrial products in that country.
The Space Group’s principal business is as a supplier of parts and sub-systems to the major global spacecraft
manufacturers. The products include switches for routing of signals between up and down link antennas,
integrated multiplexers and demultiplexers, filters, SAW filters, electronically tuned filters to change the
bandwidth of in-orbit transponders, SAW based onboard processors (“Switch-board in the Sky”), and the
Iridium antennas for space to ground and intersatellite communications, which are currently being delivered.
It has captured ~80% of the world’s commercial market for onboard satellite switches.
COM DEV is leveraging its traditional strength in spacecraft microwave component and sub-system design
and manufacturing expertise with applications to the rapidly growing terrestrial mobile wireless and fixed
wireless local loop. Conversely, it is utilizing strengths of the Phase Group to expand the product line of the
Space Group. Clearly, the company sees new opportunities for it to grow by having products for space and
terrestrial wireless communications systems. To-date, it has avoided manufacturing products for the ground
segment of satellite communications. Also, it avoids the manufacture of military-specific products unless it
can apply this expertise to the commercial market.
COM DEV has the ISL and space to ground Ka-band antenna contract for Iridium. The WTEC team saw an
advanced production line for these antennas. The company emphasizes manufacturabilty and is proud of the
fact that Iridium does not have to test its antennas before they are attached to the spacecraft. The ISL
antennas are mechanically steerable with open loop pointing.
COM DEV recognizes that, for the most part, satellite procurement is a commodity business and that there is
opportunity to be a global supplier of high quality, low cost, specialized microwave components and subsystems to satellite manufacturers. To achieve this goal, the company has an effective R&D program for
new products, and focuses on manufacturing processes. In some cases COM DEV competes with the
satellite in-house suppliers of components and sub-systems, and company representatives view this
competition as healthy since they obtain valuable benchmarking of costs as well as feedback on their
technical capabilities. Formal quality programs are much in evidence and are important factors in shipping
reliable products, decreasing costs and maintaining a highly motivated workforce.
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RESEARCH AND DEVELOPMENT ACTIVITIES
COM DEV has a long-term commitment to customer driven R&D, with a vigorous program devoted to
expanding its product line, and to supplying products for the next generation satellites that will feature
onboard processing. In 1996, it devoted about 22% of its resources to R&D, with 6% of the funding coming
from internal sources and the rest from contracts with customers and from the U.S. and Canadian
governments. It is planning to work with a major supplier of terrestrial communications equipment to apply
this technology to space products.
The COM DEV space R&D program includes the following:
•

Antennas for intersatellite links, ground to earth communications, and multi-frequency multibeam
shaped antennas. COM DEV has the contract to design and supply the ISL and the Ka-band gateway
space to ground antennas for Iridium. This required it to set up an efficient production line. While the
WTEC team did not see the machine shop, it must be impressive. The ISL utilizes open-loop pointing.
The optical ISL research is tightly coupled into future needs of multimedia Ka-band satellites.

•

Dielectric low and high power multiplexers, to reduce size and weight for a core component with which
COM DEV dominates in the marketplace. Extensive use is made of CAD techniques in the design of
these MUXs.

•

SAW based processors, for future satellites. The company designed and delivered a complex analog
onboard satellite processor for Inmarsat 3 IF. This processor places 37 channels into any one of 8 spot
beams and is characterized by variable bandwidth and channels. The packaging of this device is
impressive. “Beam Link,” a new product, takes advantage of the COM DEV core competency in
processing and switching. It enables the customer to switch from an up beam to another down beam.
For instance, four different customers on a transponder can have their choice of down or spot beams.
This can be done with TDMA or FDMA and is ideally suited to provide local programming for DBS.

•

High temperature superconductor (HTS) filters and multiplexers for both satellite and cellular base
stations. Both components and sub-systems will be delivered using this technology.

•

Proprietary Software for the electrical, mechanical and thermal design of components and subsystems.
This enables COM DEV to design to specs and also to minimize the need for first models prior to
manufacture.

COMMENTS
COM DEV is a world class provider of onboard switches, integrated MUXs and more recently intersatellite
link and gateway satellite link antennas. It has a strong, customer driven R&D program that has resulted in
numerous products and is on the forefront of such technologies as switches and superconducting filters.
Emphasis is placed on manufacturability and the use of commercial and in-house developed CAD tools to
decrease the development time, and to ensure the shipment of quality products. As a result of the acquisition
of a terrestrial wireless company, the company is able to deliver products to the satellite marketplace that are
synergistic to both cellular and satellites business. It has made and will continue to make partnerships with
satellite manufacturing companies to ensure outlets for its future products. In addition, it looks forward to
working with terrestrial communications companies in an attempt to migrate terrestrial communications
technology to the satellite marketplace. A partnership with Newbridge Networks has been formed for this
purpose.
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Site:

COMSAT
Clarksburg, MD 20871
Tel: (301) 428-4000; FAX (301) 428-4600
http://www.comsat.com

Date Visited:

May 10, 1997

WTEC:

J.V. Evans (report author)

Hosts:

Dr. Ben Pontano, President
Dr. Prakash Chitre, V.P. Technology Development
Dr. Will Cook, V.P. System Development
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BACKGROUND
COMSAT Laboratories was formed in 1967 to assist in the successful development of the INTELSAT
(intergovernmental organization) satellite system. Initially operating in temporary facilities in downtown
Washington, DC the staff moved to their present building in 1969. In 1978 COMSAT Corporation ceased
its role as technical manager of the INTELSAT system, and COMSAT was encouraged to engage in work
for other parts of the Corporation, and outside.
During the period 1984 − 1992 COMSAT acted as systems engineer and contractor for the entire ground
segment of the NASA Advanced Communications Satellite Program (an $80 million contract). Currently,
COMSAT has a staff of about 220 and receives about half its annual budget (approximately $35 million)
from internal customers and the balance externally through competitive bidding.
For much of its existence, COMSAT focused on satellite hardware, including all aspects of payload design
and construction, and bus technology. In anticipation that future satellites would require multiple spot beams
interconnected by an onboard (digital) processor, COMSAT worked on both of these technologies.
Steerable transmit phased−arrays incorporating GaAs power amplifiers and phase shifters at C− and
Ku−band were built as well as bulk demultiplexer/demodulators. Recently, however, the focus has shifted
more towards supporting satellite applications (e.g., ATM over satellite) and quality-of-service issues.
COMSAT also has begun efforts at commercializing some of its technologies (through licensing the
manufacture of several products), and is now actively selling various software tools. One of the licensed
products is a “second generation” INTELSAT TDMA terminal that is being manufactured and sold by Aydin
of Pennsylvania. A second is an MPEG 2 digital video compression system (transmitter called DVT 2000,
and receiver DVR 2000) by Wegener of Atlanta, GA. Reflecting these changes COMSAT was reorganized
early in 1997 into two principal divisions, (one dealing with technology development and one dealing with
systems), and a small product development office was created.
RESEARCH AND DEVELOPMENT ACTIVITIES
COMSAT Laboratories is currently working on a number of research and development activities. A small
sampling is indicated below. Research into the transmission of asynchronous transfer mode (ATM) via
satellite has led to new product development. ATM offers a means for establishing a very flexible, seamless
network. COMSAT Laboratories has developed patented techniques and products that allow ATM traffic to
be carried reliably and efficiently over satellite at rates from 2.4 Kbps to 45 Mbps. When using the high
quality, bandwidth-efficient capabilities of ATM, companies can significantly improve information flow
between geographically dispersed locations, regardless of existing infrastructure. This information can even
include corporate intranets, Internet access links and other advanced networks. Currently, tests are being
conducted for operation of ATM traffic via satellite at rates of 155 Mbps.
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Advanced very small aperture terminal (VSAT) systems are being developed at COMSAT Laboratories that
allow efficient utilization of satellite bandwidth. The bandwidth on demand (BOD) systems utilize a time
division multiple access (TDMA) technique for access to the satellite and will provide user connectivity
options of ATM, Frame Relay, and ISDN to support future data communications requirements. With an
ability to offer full mesh connectivity over a wide geographic area, BOD VSAT systems will provide users
around the world with significant new connectivity solutions. COMSAT is presently engaged in the product
development process with an eye to achieving both the technical requirements and a low recurring cost.
COMSAT Laboratories has completed the design and development of a new, low-cost 120 Mbps TDMA
traffic terminal for the INTELSAT satellite system. Originally developed in the early 1980s, the INTELSAT
TDMA Traffic Terminals required 13 racks of satellite equipment. COMSAT’s new, low-cost terminal
design utilizes the latest technologies to reduce the terminal to a single rack of communications equipment.
The terminals are being brought to market in partnership with Aydin Telecommunications Corporation.
These new TDMA Traffic terminals were recently installed at the AT&T earth station in Etam, West
Virginia and were the first in this next generation TDMA system to carry live telecommunications traffic.
In a parallel effort, COMSAT Laboratories is completing development of the burst time plan software that is
used to control the INTELSAT 120 Mbps TDMA network. With an overall understanding of the TDMA
network, COMSAT has been able to create an easy-to-use system that incorporates a graphical user interface
that will improve the efficiency and effectiveness of the TDMA network operations.
COMSAT Laboratories recently won a $14.4 million contract from Ericsson, Ltd. to develop a
high-penetration, notification (HPN) subsystem for ICO Global Communications, Ltd., which is developing
a handheld satellite phone service. This subsystem will alert ICO phone users to incoming calls even when
they are not in the direct “line of sight” of the satellite. HPN subsystems will be located at each of ICO’s 12
satellite access nodes (SANs), which will be linked together to form a single global mobile communications
network called ICONET. The ICONET will be connected to the existing public telephone as well as cellular
networks, allowing an ICO user to place and receive calls to and from anywhere on earth.
COMSAT Laboratories has developed the Nested Voice Codec algorithm for improved low bit rate voice
communications, which will make it possible for users of portable telecommunications equipment to
maintain connections even under degraded conditions. The Nested Voice Codec runs on a digital signal
processing (DSP) chip. Benefits would include voice connections that can be maintained even under poor
transmission channel conditions and receiver terminals that automatically adapt to channel degradation with
no reverse control channel, providing an efficient use of bandwidth and a responsive, transparent adjustment.
COMSAT Laboratories has been awarded a contract from Inmarsat to develop, install and support equipment
for the Aeronautical Network Channel Management System (NCMS). The system is intended to enable
Inmarsat to serve a larger number of aeronautical customers simultaneously. This is made possible by
dynamically allocating carrier frequencies among earth stations in response to demand. The NCMS
equipment will be developed using commercially available hardware and software packages and customized
software will be written to handle applications that are unique to the NCMS system. The contract includes
two phases. Development of the NCMS was scheduled to take place in 1997. Worldwide installation,
testing and qualification will occur in 1998 with service to commence in 1999.
COMSAT Laboratories has built and delivered three transportable in-orbit test (IOT) systems, the first
transportable systems in the satellite industry, to Space Systems/Loral, a manufacturer of telecommunication
satellites located in Palo Alto, California. The COMSAT Laboratories IOT systems provide fast and
complete testing for new communications satellites that have been placed into orbit, making it possible for
satellite operators to begin generating revenue and returns on their investments faster and with greater
reliability.
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SUMMARY
COMSAT essentially now functions as a separate line-of-business within COMSAT with the requirement of
making a profit. A number of products have been developed and licensed to manufacturers creating a
royalty revenue stream, and the direct sale of several software tools that support satellite system design and
operation is in progress.
Roughly half of the work of COMSAT is being undertaken for internal customers and the balance is secured
through competitive bidding to outside entities. The focus of the work has shifted from satellite hardware to
ground segment work that offers new services or improved quality of service.
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Site:

Communications Research Centre (CRC)
3701 Carling Avenue
Box 11490, Station H
Ottawa, Ontario K2H 8S2, Canada
http://www.crc.doc.ca/crc

Date Visited:

May 7, 1997

WTEC:

K. Bhasin (report author), A. Mac Rae, W. Brandon

Hosts:

Mr. Robert Huck, Vice President, Communications Systems Research
R. J. P. Douville, Director, Antenna and Integrated Electronics
Mr. James B. Hamilton, Mgr., Satellite Communications Applications Program
Dr. Edward Hayes, Director, Satellite Systems and Technologies
Mr. J. Michel Savoie, Mgr., Broadband Applications and Demonstrations Laboratory
(BADLAB)
Mr. Jack Rigley, Director, Mobile and Personal Communications

BACKGROUND
Communications Research Centre (CRC) is the Canadian government’s leading communications research
facility. It is responsible for conducting leading edge R&D to develop the Canadian communications
infrastructure. One key objective is to support Canadian telecommunications firms in their efforts to remain
globally competitive. It has a staff of over 250 engineers, scientists and technologists. Its policy allows for
taking on activities to generate revenues. For example, contracts from Inmarsat to develop and flight test
aeronautical satcom modems and antennas, as well as study contracts from ESA, have been completed. Its
satellite communications systems research program focuses on the long-term planning of new
communications systems and services and the R&D required to meet Canada's long-term needs, and to
enhance Canada's international competitiveness. The program also supports the government’s “Industry
Canada” initiative in carrying out its statutory responsibilities to establish satcom policy, and to plan
spectrum and orbit utilization to ensure that such services are provided in the most cost effective manner.
Close liaison with industry and universities ensures that the research program complements the R&D
performed by these sectors.
INTERNATIONAL MOBILE SATELLITE COMMUNICATIONS PROGRAM
Currently, CRC manages and provides technical leadership to the International Mobile Satellite
Communications Program on behalf of the Canadian Space Agency. This 10-year cooperative venture
between government and the private sector will develop and deliver state-of-the-art personal/mobile satellite
communications technologies, products and services. Canadian industry was invited to submit proposals
targeted at market-driven technology requirements and applications. To date, ten contracts totaling
approximately $14 million have been placed with the private sector for the first three years of the program.
The federal government’s share is $6.9 million and industry funds the remaining $7.1 million.
MSAT
In early spring of 1996, the launch of TMI’s MSAT-1 began a new era of mobile satellite communications
services for Canadians. CRC was instrumental in initiating the MSAT program and demonstrating the
technologies to prove the economic viability of the program. The program was transferred to industry, led
by TMI Communications. The Government Telecommunications and Informatics Services markets MSAT
services to government users. CRC continues, through its MSAT Applications Development Program, to
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provide engineering assistance to TMI and to work at the international level preparing for the next
generation MSAT.
RESEARCH AND DEVELOPMENT ACTIVITIES
Application Development
CRC develops and demonstrates satellite extension of multimedia networks by running a number of
applications demonstrations for various organizations. Among these are tele-robotics demonstrations for the
Canadian Space Agency and its contractors, and international military field trials using both Telesat’s Anik
satellite and the NASA Advanced Communications Technology Satellite (ACTS). CRC is supporting the
Global Interoperability for Broadband Networks (GIBN) project, which resulted from the G-7 Conference on
the Information Society. CRC has proposed two projects for inclusion. The first of these is a five-node
multimedia teleconferencing demonstration and the second is a multimedia cultural exchange between
children in Canada, the United States, Japan and Norway. CRC will also support Japan in two of its
experiments.
Ka-band Suitcase Terminal
A major demonstration of desktop video teleconferencing took place using NASA’s ACTS satellite and
several CRC Ka-band terminals, including a 0.5 meter prototype suitcase terminal. As a result of this
demonstration, CRC signed a collaborative agreement with the U.S. Air Force’s Rome Labs for the further
development of the Ka-band suitcase terminal. It has also signed technology transfer agreements with
industry. See Figures E.1. and E.2.

Fig. E.1. CRC suitcase terminal.

Fig. E.2. Diagram of CRC suitcase terminal.

The Advanced Satcom Program
Initially approved by the Cabinet in 1994 as part of the Long-Term Space Plan and funded in part by the
Canadian Space Agency, this program is managed by CRC and supported through internal system studies
and R&D activities related to satellite onboard signal processing and Ka-band terminal development.
Communications Signal Design
CRC performs leading R&D in modulation, coding and multiple access techniques for mobile and broadband
satcom. This is accomplished in part through collaboration with other research organizations (e.g., DRL,
Germany) and Canadian universities and industry.
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Microwave, Millimeter wave and High Speed Digital Circuits and Antennas
Through collaborative R&D agreements and contracts, Canadian firms continue to benefit from CRC’s
expertise in microwave technology. Several firms have developed new rf product capabilities. These
include a 24 GHz planar array for traffic monitoring and a broadband, low profile PCS transmitter antenna.
CRC has continued to offer substantial support in the area of microwave device noise measurement and
millimeterwave device characterization. Several 29 GHz monolithic circuits were completed for a
cooperative project with the Canadian Institute for Telecommunications Research to demonstrate wideband
in-building communications. One of these, a switch, gave lower loss than any previously published work at
this frequency. A successful three-way collaboration with VISTAR and Nanowave Technologies culminated
in a very innovative integrated feed system for Ku-band terminals that delivered 10 watts of power, higher
than any solid-state alternative, and at lower cost than conventional approaches. Research highlights include
major new antenna concepts in the area of dielectric antennas, an area in which CRC is the world leader, and
development of flexible microwave software programs for general purpose antenna and circuit design. A
wideband receiver ASIC operating at over 500 MHz clock speed was completed, as well as oscillators and
amplifiers using high temperature superconductors. Also a very high dynamic range receiver for digital
radio broadcast reception was developed.
Optoelectronics Technologies
CRC is designing, fabricating and testing a novel high-frequency optoelectronic receiver. These receivers
are currently being used in the performance characterization of low-loss fiber optic/microwave links for
signal distribution in space-based phased-array antennas, wireless LANs and ground station antennas.
Scientists at CRC have successfully demonstrated prototype low-loss polymer waveguides, splitters and
optical taps on semiconductor substrates. These structures were fabricated using processing techniques that
can be readily adapted to high volume processing and are expected to play a key role in the development of
high-performance optoelectronic integrated circuits.
Propagation
During the past year, CRC has developed worldwide techniques for predicting clear-air fading distributions
on low-angle, earth-space links and for predicting clear air interference distributions on trans-horizon links.
These techniques have been adopted by the ITU-R. In addition, CRC’s VHF/UHF prediction program,
which is used extensively by other organizations, was improved to allow better prediction of location
variability and median path loss.
CRC is the principal investigator for the successful sounding rocket payload that was launched in November
1995. This collaborative effort between CRC, CSA and NASA involved more than 20 scientists and will
expand radio science knowledge important to designers of communications services for the Canadian North
where the ionosphere can variously refract, absorb or scatter waves. The experiment involved the separation
of two payloads connected by a 1.2 km tether.
Modeling and Predictions
A closed form analysis technique has been developed by which performance on North American IS-54 and
higher data rate QPSK channels can be predicted on time series measurements of wideband radio channel
data. Such a technique has never previously been available, except for low data rate cases where flat rather
than selective fading takes place. Significant progress has been made in developing and validating models of
the fields produced by portable transceivers when used by a human operator. Modeling of the near-field
characteristics of cellular transceivers on dielectric objects was done and the results validated.
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MPEG-2 Video Over ATM
CRC collaborated with two Ottawa Carleton Research Institute Network (OCRInet) partners to investigate
the transmission of MPEG-2 compressed video over ATM networks. A PC-based client server system,
capable of transmitting pre-compressed MPEG-2 bit streams, was developed and transmission tests were
successfully conducted using Broadband Applications and Demonstration Laboratory (BADLAB) and
OCRINet.
Radio Modem Technology
Signal design and processing research, sponsored by the Canadian Department of National Defense (DND),
has led to the development of an improved method of adaptive equalization for signaling over time-varying,
dispersive radiocommunications channels. For high frequencies (HF), this technique will double, and even
triple, the data rates available with existing modem technology, and will also improve reliability of difficult
circuits such as those found in Canada’s north. Potential application of this technology to the digital cellular
environment at VHF/UHF is being investigated.
First Digital Terrestrial Television Broadcast in Canada
Because of CRC’s extensive expertise in digital television transmission, a consortium of American, Brazilian
and Canadian broadcasters contracted with CRC to assess the benefits of using coded orthogonal frequency
multiplexing (COFDM) as an alternative to the currently proposed VSB transmission scheme for digital
terrestrial television broadcasting. In carrying out this study, system parameters to meet North American
channel and broadcast requirements were defined and then validated in laboratory tests using a prototype
system. Performance was further confirmed in an Ottawa field trial, which constituted the first digital
terrestrial television broadcast in Canada.
Multimedia/Multinetwork Technology
As a prime participant in a three-year project involving six NATO countries, CRC has successfully
completed its part to demonstrate and evaluate multimedia/multinetwork command, control and
communications interoperability. The technology is now being deployed on some U.S. Navy platforms. In
Canada, CRC has undertaken a second phase, which will lead to sea trials by the Canadian Navy.
Digital Radio Broadcast Standard
CRC has been instrumental in establishing the sound technical basis that allowed for a new transmission
mode to be added to the European-developed Eureka 147 digital audio broadcasting standard. This mode,
which permits doubling the spacing between on-channel transmitters and thus reducing implementation costs
and increasing flexibility in locating transmitters, will now be included in all receivers manufactured for the
world market. Industry Canada has formally adopted this standard for digital radio broadcasting in Canada.
FACILITIES
Broadband Applications and Demonstration Laboratory
The visiting WTEC team was given a tour of the BADLAB which is designed to demonstrate and test
information highway applications using high-speed asynchronous transfer mode (ATM) fiber optic
networks, with network extension via satellite and wireless (see Figure E.3). The staff has performed several
experiments to investigate satellite/terrestrial interoperability based on ATM architecture.
BADLAB is Canada's ATM gateway to high speed communications networks around the world. It is a
major node on the CANARIE National Test Network and an active partner in the Ottawa Carleton Research
Institute Network Inc. (OCRInet). BADLAB is also connected to Europe through Teleglobe Canada's
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CANTAT-3 transatlantic fiber optic cable and will use satellites to connect to Japan. The lab is actively
working with its European partners in broadband interoperability and applications trials.
BADLAB is collaborating with the Government Telecommunications and Informatics Services (GTIS) to
explore broadband service options for a range of government clients across Canada. BADLAB is connected
to GTIS through a 155 Mbps line. The lab is currently connected to OCRInet through two 45Mbps links,
with the capacity to upgrade to 155 Mbps. The objective of this lab is to test and demonstrate various ATM
test networks, such as OCRInet, Rnet, Wnet, LARG*net and others as they come online, making use of
BADLAB’s satellite link capability for network extension, and to make the lab available to industry,
especially small and medium-sized high technology R&D companies across Canada, to develop applications
that may be of commercial value.

Fig. E.3. BADLAB network configuration.
The broadband applications are being conducted in the following areas:
•

education: distance education and training through enhanced video conferencing with shared
applications capability

•

medical: patient diagnosis and physician consultations between hospitals in different parts of the country
and European medical institutes

•

scientific applications: computer reconstruction of human profiles transmitted via ATM for
simultaneous analysis by police and forensic experts at different locations

•

engineering: collaborative designs that can be worked on simultaneously at multiple sites; remote
control of robotic devices from thousands of kilometers away, using telemetry carried via ATM over
satellite or ground-based fiber optic cable

•

government service: CRC and GTIS are exploring applications

CONCLUSIONS
The Communication Research Center (CRC) is the premier research lab of Canada in advancing the state-ofthe-art in satellite communications. It focuses on meeting Canada’s needs in advance satellite
communications while developing its industrial base. The program is balanced among spacecraft and ground
segment technology, addressing regulatory issues, and bringing satellite communications into both Canadian
and global information infrastructures.
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Site:

The Goddard Space Flight Center
Greenbelt Road
Greenbelt, MD 20771
http://pao.gsfc.nasa.gov

Date Visited:

July 29, 1997

WTEC:

Neil Helm

Hosts:

Dr. Milton Halem, Chief, Earth and Space Data Computation Division (Code 930)
Mr. Paul Heffernan, Systems Manager, Tracking Data Relay Satellite (Code 405)
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BACKGROUND
The Goddard Space Flight Center (GSFC) was established in 1959 as a space and science center. It has
some 11,750 employees of which 8,400 are contractors. The GSFC budget for FY96 was $28 billion.
GSFC is NASA’s lead center for the Mission to Planet Earth and is currently constructing an Earth
Observing System Data and Information System that will have one of the largest real time data archiving and
distributing systems in the world. Other major missions include the Hubble Space Telescope, the GOES
weather satellite system, and the Tracking and Data Relay Satellite System (TDRSS) project. A recent
addition to the center is the Systems Technology and Advance Concepts Office that is to provide end-to-end
systems engineering for advanced mission support.
RESEARCH AND DEVELOPMENT ACTIVITIES
High Performance Computing and Communications
The Earth and Space Data Computation Division is a leading center for high performance computing and
communications research. It uses supercomputers, high speed networks and advanced visualization
equipment to support over 1,000 remote scientists with near real time technical data. Using the CRAY T3E,
512 processor supercomputer, research scientists have sustained performance of scientific data at over 50
gigaflops. In benchmark tests, the T3E performed at 176 gigaflops. Within this computation division, high
performance computing and communications research is also performed by the Center of Excellence in
Space Data and Information Sciences, and the Center for Satellite and Hybrid Communications, both
associated with the University of Maryland.
In communications research, hybrid terrestrial and satellite testing and experiments are taking place with the
ACTS satellite at speeds up to 622 Mbps (OC-12). The GSFC ACTS high data rate ground terminal is
connected to the Advanced Technology Demonstration network (ATDNet), a 2.5 Gbps fiber ring around the
Washington, D.C. area. This allows for the GSFC terminal to do advanced communications and networking
research with other government agencies such as the DOD and NIH, and connect these agencies via satellite
to other high performance research networks such as the MAGIC testbed in the Middle West.
Data Broadcast (Direct Read Out)
In preparation for the Mission to Planet Earth, Earth Observation System’s Data Information System
(EOSDIS) the Earth and Space Data Computation Division is working on information systems that can
distribute large amounts of data that will go directly from the spacecraft’s onboard scientific instrument to
the data archive centers and/or the scientists in the field. The direct read out of these data will be sent via the
Internet, Intranets and direct broadcast satellite networks that will be contracted with commercial broadcast
satellite providers.
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Tracking and Data Relay Satellite System (TDRSS) Project
The TDRSS project came out of the requirement to increase the spacecraft tracking capability for NASA
missions, especially LEO Space Shuttle missions, and relay data from LEO orbiters via the GEO TDRSS to
the NASA terrestrial network. Also, this eliminated some dependence on offshore tracking stations. The
TDRS System has worked well with the six spacecraft that reached GEO still operating. Three additional
spacecraft “H, I & J” are currently being built by Hughes in Los Angeles. These spacecraft will add Kaband capability to the current S and Ku-band configurations that will greatly increase the overall capacity of
the data system. Also, the new spacecraft will be able to be co-located with any of the older satellites to
maximize the use of good orbit locations and allow a natural backup or transition capability. The newer
spacecraft will employ a number of technical advances including a nearly two to one improvement in
pointing accuracy for tracking, and improved attitude control, especially needed for Ka-band requirements.
They will also utilize a solar sailing technique with the large antennas and solar arrays acting like sails to
conserve fuel and stabilize roll/yaw momentum.
CONCLUSIONS
GSFC is a modern space and earth science center with the Mission to Planet Earth data distribution function
becoming an important and highly visible addition to its current missions and projects. Also, GSFC should
benefit from the smaller/faster/cheaper NASA philosophy, as it has a good reputation for the design and
conduct of smaller science projects and from the addition of the Systems Technology and Advanced
Concepts Office that will provide end-to-end systems engineering for advanced mission support for new
projects.
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Site:

Hughes Space and Communications Company (HSC)
Bldg. S-10, M/S S312
2260 E. Imperial Highway
P.O. Box 92919
Los Angeles, CA 90009

Date Visited:

June 24, 1997

WTEC:

C. Mahle (report author) K. Bhasin, W. Brandon,
N. Helm, E. Senesak, S. Townes

Hosts:

Dr. Thomas A. Brackey (contact person not present at meeting)
Richard M. Drennan, Mgr. Technical Affairs, Strategic Development,
Planning & Technology, HSC
Nancy L.B. Anderson, Director, Strategic Technology, HSC
Dieter Zemmerich, President Spectrolab
Alan Adler, Operations Leader, Development & Technology, HEDD
Dr. Harry Wang, Principal Research Scientist, Hughes Research Lab
Mr. Glen Caplin, HSC
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BACKGROUND
Hughes Electronics Corp., the parent of Hughes Space and Communications, is currently a $16 billion
company with 86,000 employees. Raytheon is in the process of acquiring the defense business following its
spinoff from Hughes Electronics. After completion of the transaction, the resulting company will focus on
telecommunications with Hughes Space and Communications, Hughes Network Systems (HNS) and
DirecTV. The current telecommunications and space segment of Hughes consists of the galaxy business of
Hughes Space and Communications (HSC), Spectrolab, a 71% share of the merger of Hughes
Communications (HCI) with Panamsat (it has the holding in AMSC, the Spaceways proposal and
multimedia business; it will have 731 transponders and 21 satellites in 1998), and HEDD. Hughes Research
Labs will be a cooperative effort of Raytheon and Hughes.
DirecTV now has 2.6 million subscribers and 11 brands of receiving equipment, including one provided by
HNS. Service was scheduled to begin in Latin America in the summer of 1997 and in Japan in 1998.
Hughes’ business has vertically integrated with content and packaging offered by DirecTV, and
communication services by Galaxy (Panamsat).
HSC has 7,350 employees, approximately $2 billion in revenue and a backlog of $4 billion. The core
business is communications satellites. The revenue is split about half government and half commercial.
HSC delivered 11 satellites in 1996, 24 in the next two years; 37 satellites are in backlog. Of 120 satellites
built and launched, 64 are still in service.
As of February 1997 HSC had manufactured 50 HS 376 models, a spin stabilized satellite with 0.5 - 2 kW
prime power, 67 HS 601, a three axis stabilized satellite with 2 - 8 kW prime power. Currently, 3 HS702s, a
large three axis stabilized satellite with 8 - 15 kW prime power, are under construction.
HSC has worked to improve manufacturing operations for the HS 601 program and achieved a 47%
productivity improvement and 30% cycle time reduction over the last 4 years. An HS 601 satellite can now
be built in two years or less.
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FUTURE OUTLOOK
In the past, most commercial communications satellites were "bent pipe" satellites; in the future, satellites
with multibeam antennas and onboard processing will be used; eventually the satellite may contain an ATM
switch in the sky.
Since 1995 HSC has performed an extensive exercise in technology planning. Technology road maps for the
next 20 years were developed, and technology development work for the next few years was defined. The
technology road map included predictions of possible achievements and technology needs.
In the prime power area further growth of payload power requirements is foreseen. This requires work on
solar arrays, batteries and heat dissipation.
Further work in TWTs will improve the efficiency and producibility.
Work in the industry is extending gate count in CMOS chips. Efforts to increase the speed of InP devices
and to develop new Si GE HBT devices are in progress.
Phased array antennas and processors are considered very important for future communications satellites.
Prudent spectrum management will call for further bandwidth efficiency and the use of advanced modulation
methods.
Intersatellite links may use rf up to 15 Gbps; optical links will be able to support higher data rates. Optical
crosslinks may be in use in a few years.
Current satellites use nickel-hydrogen batteries that may be as heavy as the payload for a 15 kW satellite.
Future satellites may use lithium - ion batteries with up to 50 Whrs/lb energy density, ultimately lithium fluoride batteries may be developed with up to 140 Whrs/lb. Flywheel storage of energy may be a
possibility in the far future.
Current solar arrays are using dual junction GaAs cells with concentrators; 30% efficiency may be expected
in a few years with array power possibly increasing to the 20 to 30 kW range.
Propulsion systems for station keeping in the past used chemical propulsion; in the HS 601 HP and HS 702
satellites, xenon ion engines manufactured by HEDD are used for the first time in an operational commercial
satellite.
In response to a question, HSC is also looking at LEO systems to keep informed on their capabilities.
SPECTROLAB
Hughes acquired Spectrolab (SPL), a solar cell manufacturer, several years ago. Spectrolab has seen
substantial growth since and has approximately 800 employees today. In addition to solar cells (both silicon
and GaAs cells are in production) and related test systems, products include laser diodes and a variety of
other items. Spectrolab’s strength is affordable manufacturing using epitaxy. A substantial portion of the
output is used by the internal customer. SPL assembles cells on panels specified by the spacecraft
manufacturer but does not design the panel structure or array deployment mechanisms.
Silicon solar cells have reached efficiencies of 17%. Sharp in Japan produces the highest efficiency
commercial cells with 17-18% efficiency. SPL commercial cells offer about 15% efficiency with other
manufacturers at about the same level. SPL uses 4" wafers for commercial production.
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SPL has developed dual junction GaAs solar cells with an efficiency of 25.5% peak and 21% in production.
SPL uses a Ge substrate with GaAs and GaInP layers on 4" wafers. The Ge wafers are currently procured
from overseas as no suitable U.S. supplier could be found at the beginning of the program. In the future,
GaAs solar cell efficiencies are expected to increase to 35% with compound structures (triple junctions) and
to 40% with concentrators. SPL GaAs cells are already used on commercial spacecraft.
SPL also builds solar cell test systems that are sold worldwide. They also build their own manufacturing
systems.
SPL currently has the capability to produce 500,000 wafers per year. The capability was developed with
help from the MANTECH program. Air Force, NASA/GSFC and Phillips Lab contracts helped develop the
dual junction GaAs cell technology.
HUGHES RESEARCH LAB, MALIBU
The laboratory will be operated as a cooperative effort between Raytheon and Hughes.
approximately 400 people and $25 million in outside contracts.

The lab has

Research is concentrated in four areas: communications & photonics, information science, microelectronics
and sensors and materials. Work is directed towards government applications and is applicable to future
commercial communications satellites.
Work in the photonics lab includes optical beamforming for phased array antennas with true time delay
beam steering. Work is also ongoing to distribute rf signals via optical fibers in airplane local area networks.
Photonic and rf functions are combined on the same chip.
A development model of a photonic time shifter driving a 96 element L-band array (single beam) achieved a
50% bandwidth and ±60 degrees. scan angle. The array was developed for Rome Labs. Optical time delay
is used for the larger slices of delay; shorter slices are realized in a microwave chip.
This type of beam steering is considered too expensive when many beams must be realized. Work
addressing the generation of multiple beams with optical manifolds has started; currently a two beam scheme
feeding a 16 element array is under development.
Work on optical Rotman lens type beam forming using phase locked lasers is sponsored by DOD.
The optical phased array work is considered useful in the long-term for commercial satellite applications.
HUGHES ELECTRON DYNAMICS DIVISION (HEDD)
The main focus of this business unit is traveling wave tubes (TWTs) for space applications. Currently the
worldwide tube market is about $500 million; the U.S. market is about $250 million. HEDD has sales of
approximately $100 million generated by about 900 people. The TWT business is 2/3 space, 1/3 for ground
applications. HEDD has developed the only 60 GHz TWT in the world.
Each year about 500 TWTs are manufactured of which 300 become TWTAs (includes power supply). Most
of these TWTs have a guaranteed lifetime of 15 years.
In addition to TWTs, products include electronic power conditioners (EPCs) to provide the supply voltages
needed by the TWT, xenon thrusters (recent addition) and multipactor protectors for radar systems.
Further developments of TWT technology will continue to improve performance.
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In particular, increased efficiency, reduced mass, and improvements in producibility are goals. The
availability of software to perform 3-D electromagnetic calculations (developed by a government program)
has allowed HEDD to model TWTs much more accurately and assists in the design and optimization effort.
Also, cooperation with the NASA Lewis Research Center TWT group has been beneficial to HEDD’s
development program.
In the future, TWT efficiency will climb over 70%, operating frequencies will increase and the mass of both
TWT and EPC will further decrease.
Development work is proceeding to lower the EPC mass (current production models are 5.5 lbs for a 6 kV
unit, 14 lbs for a 22.5 kV unit). A current Ku-band EPC masses 1,300g; with switching speed increasing to
150 kHz, this may drop to 850 g.
THE HS 702 BUS
This bus is based on the HS 601. Prime power ranges from 8 to 15 kW; expected lifetime is 15 years;
payload mass up to 1200 kg and payload power 7 to 13.5 kW, can be accommodated. Up to 88 TWTs and
33 SSPAs can be mounted in the communications payload module.
The bus uses deployable heat radiators with fixed panels to radiate the heat generated by the electronics into
space. A concentrator type solar array is equipped with GaAs cells. Station keeping is performed with
redundant ion engines (with xenon fuel, 170 mN thrust) which operate approximately 1-2 hours per day
using approximately 4.5 kW (this power comes partially from the battery). The orbit injection engine is a
bipropellant design (the engine is not used on station). Transfer orbit operation uses both types of engines to
optimize fuel consumption.
The payload module is thermally insulated from the bus module, allowing changes in payload configuration
without affecting the bus design. Antennas for a typical payload consist of two reflector antennas with 2.4 m
diameter deployed on the east and west sides of the spacecraft, and one reflector antenna with 1.8 m
diameter mounted on the nadir deck.
The bus processor is a 16 bit design (1750 type) with 64K ROM and 96K RAM. The flight software is
ported from the HS 601 program with a few modifications. A databus connects the electronic equipment
throughout the satellite. The battery consists of individual NiH2 cell assembled into four battery packs (up to
60 cells with 14 cm diameter). The solar array performs a 2:1 concentration of solar energy.
A tour of the satellite manufacturing facility, including the integration and test areas showed several HS 601
spacecraft and one HS 376 spacecraft in assembly and test. Some parts for the HS 702 satellite are already
being manufactured.
SUMMARY AND CONCLUSION
HSC is one of the world’s premier commercial communications satellite builders with many satellites built,
most in orbit still in service and a large backlog. HSC has made major strides in making satellite
manufacturing more efficient and faster. The HS 702 will further improve on this capability. There is
substantial investment in new technologies and manufacturing streamlining for future generations of
satellites, which will make Hughes very competitive.
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Site:

Hughes Network Systems, Inc. (HNS)
11717 Exploration Lane
Germantown, MD 20876
http://www.hns.com

Date Visited:

April 25, 1997

WTEC:

K. Bhasin (report author), C. Bostian, W. Brandon, N. Helm

Hosts:

Dr. Len Golding, Vice President
Dr. Lyn Nan Lee, Assistant Vice President
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BACKGROUND
Hughes Network Systems (HNS) provides and develops product in the following areas:
•

satellite products

•

enterprise networks

•

DirecPC

•

wireless networks

•

mobile cellular

•

fixed wireless telephony

•

cellular digital packet data

•

PACS System - provides wireless local-loop telephone service.

•

DirecTV receiving systems

HNS, a unit of Hughes Electronics, is a product oriented company with extensive experience at providing
solutions and turnkey networks and services to build and operate digital communications networks
worldwide. HNS is one of the world’s largest suppliers of wide-area networks. HNS designs, manufactures,
installs and maintains advanced networking solutions for telecommunications carriers, businesses, and
governments based on a variety of technologies including satellite, cellular, and enterprise network
switching. In the satellite products area, HNS develops very small aperture terminals (VSATs) and time
division multiple access (TDMA) terminals. It also provides satellite network solutions, turnkey services,
shared hub services and retail telecommunication services.
The company has been growing at an average annual growth rate of 30% since 1987. Today, HNS employs
nearly 3,000 people with sales exceeding $1 billion annually. It produces close to 2,500 VSATs per year
and recently has provided the DirecPC product, which provides Internet over satellite networks.
HNS currently operates manufacturing and development facilities at Germantown, Maryland, headquarters;
in San Diego, California; in Milton Keynes, U.K.; New Delhi, India; and Tijuana, Mexico. In 1995 another
facility opened in Shanghai, China through a joint venture.
In enterprise networking solutions HNS provides wide area networks to organizations around the globe such
as Dow Jones, the European Space Agency, the Federal Aviation Administration, Ford Motor Company, and
McGraw-Hill. Global networking solutions from HNS offer LAN/WAN interconnectivity with a single
network management system.
Hughes offers an integrated enterprise networking product that combines services, management and
platforms into a single solution. The Radiant family of products is implemented on switched enterprise
network architecture (SENA) and it also interoperates in a multivendor networking environment. SENA is a
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connection-oriented solution that maximizes the efficiencies of the LAN and WAN using what HNS calls
“Streaming.”
Streaming is the harmonization of switching and routing in the LAN/WAN enterprise network. It is a
flexible and innovative concept in networking that delivers quality of service for multiprotocol applications
on demand over frame relay, ATM, ISDN, and X.25, using centralized management with distributed
intelligence.
RESEARCH AND DEVELOPMENT ACTIVITIES
Emphasis is placed on near-term (2 to 3 years) engineering for product development to address well defined
market needs. Long-term R&D mainly comes out of strategic planning. The areas being addressed include:
Internet services by bi-directional asymmetric links, multicasting, and multimedia networks.
HNS prefers “evolution” to “breakthrough.” HNS has continually improved the performance and capability
and reduced the cost of its products, including network management software. HNS networks provide
interworking with many data protocols compatible with many customer premises equipment (CPE)
configurations. Hughes has a “large capability” to deal with CPU compatibility.
The Internet is expected to be an important business area in the next decade. DirecPC is the current HNS
product for Internet. This approach is limited by the effective input data rate of a PC. While a T1 rate is fast
compared to what has been customary, there is a definite “creep” of rates (i.e., when they get used to T1,
they’ll want T3). Internet type services are using the same satellite as DirecTV. Any high power satellite
can be used (meaning for Internet services to VSATs).
OBSERVATIONS
Dr. Golding observed that the biggest change in satellite communications was the introduction of LEO and
MEO systems, which require attention to a “moving fleet of satellites.” He argued that GEOs could be
deployed “region by region” while LEOs were fundamentally worldwide. He suggested that no traffic was
generated during 75% of the time the LEOs were over water and the GEOs can “lay down the same power”
as LEOs. The propagation time delay is a big problem for GEO satellites if delay is critical. In voice, the
source coding (vocoder) delays are also a significant source of delay. He indicated that some applications
such as “distributed supercomputing” are sensitive to latency. For LEO or MEO MSS systems, only
“shadowing” is an issue, and is addressed in these systems by using alternative path diversity taking
advantage of multiple satellites in view.
The trend in ground stations is to smaller, lower cost stations. With the use of more complex satellites such
stations must be built to complement a specific satellite design and must be designed as part of a total
satellite system.
Turning to technology, a “low cost phased array tracking antenna” is a long needed item. Nobody yet knows
how to produce a low cost phased array. “Low cost” was clarified to mean “equivalent to a dish” in cost.
Rather than be constrained to a “whip” antenna for PCS, HNS suggested that a 12 dB gain would have a
great impact on these mobile systems. The feeder network is a main problem for these LEO and MEO
systems and reducing feeder link costs is a main objective.
Satellite networking has become more complex, not only due to introduction of “fleets of satellites,” but also
due to the need to manage satellite resources, and interfaces with proliferating terrestrial networks, have
made satellite networking more complex. The most efficient or optimum networking design is a function of
the application. A ubiquitous, user-friendly system will require “intelligent” networking (databases,
switching, processing). While network management is better understood in general, traffic flow control and
failure modes are complex problems. In complex networks, a large number of failure modes are possible
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and need to be considered. Simulation is frequently used when analysis is not possible but requires a “good
model” of the network. The problem in many satellite system designs is one of flexibility versus
optimization for a specific application and cost; a fundamental issue in network design is whether to keep it
flexible for other applications (perhaps unknown) or make it optimum for some particular use. (Aside:
European universities deliver “broader” architecture papers; “point” papers are more specific.)
CONCLUSION
HNS has been introducing new information service products for the emerging global information markets
based on the availability of satellite systems. It is well positioned to respond to the worldwide needs for
satellite network applications. However, Hughes representatives have expressed concern about the reduction
of long-term R&D activities in the U.S. as many of the R&D labs have closed or been reoriented to support
short-term goals.
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Site:

Lincoln Laboratory
Wood Street
P.O. Box 73
Lexington, MA 01776
http://www.ll.mit.edu

Date Visited:

March 20-21, 1997

WTEC:

William T. Brandon (report author), John Evans

Hosts:

Vincent Chan
Charles W. Niessen

BACKGROUND
The Lincoln Laboratory Communications Division has conducted a continuous program in communications
research since about 1950. The focus of the research, development, and demonstrations has been for
military applications, with emphasis on satellite and space communications since about 1960. The program
has accomplished many firsts in technology, including the first solid state geostationary satellite, first
microwave null-forming satellite antenna, first communications satellite crosslink, first processing repeater,
pioneering use of UHF and EHF, leadership in frequency hop waveforms, small terminals and optical
satellite crosslink technology. The Lincoln Experimental Satellites (LES) series of satellites, largely built
with technology produced in the laboratory, has demonstrated extreme reliability and long life on orbit. The
LES8 and LES9, launched in 1978 and powered by radioisotope thermal electric generators, are still
operational. The program has spawned many advances in devices, instruments, and techniques, as well as
communications applications, theory and experimental implementation of systems. The program features an
annual review by the laboratory’s Joint Advisory Committee (JAC). Formerly attended by government
personnel only, the JAC Seminar has been made available to industry since 1993. This report is a
description of the portions of the 1997 JAC Seminar of direct relevance to the WTEC study. The Seminar
consists of lectures and tours of experimental facilities; some of the relevant topics and lecturers are
identified above.
The laboratory’s expertise in optical communications grew from the advanced development of an optical
crosslink package for satellite communications applications. While this technology has not been flown in
space, it represents the world’s most advanced performance in terms of data rate and data rate per weight.
Changes in the military environment and growth in fiber optic communications have encouraged extending
the optical communications program to include advanced fiber optic terrestrial networks. This work is
expressed through a collaborative testbed network with Digital Equipment Corporation, Massachusetts
Institute of Technology and Lucent Technologies. Military interests in scalability, interoperability, security
and advanced networks are mirrored in similar needs for commercial applications; and the need to extend
fiber seamlessly via satellite is similarly of critical interest to both military and commercial communities.
The defense communications infrastructure will increasingly be integrated with commercial systems;
consequently, it is imperative that the communications program embrace fiber.
While the focus of this WTEC study is on satellite communications, and reporting on the laboratory’s
program in this area alone would facilitate preparation of a more succinct site report, one of the most striking
and potentially significant aspects of the activity is its treatment of the entire communications realm in a
holistic and integrated way. The program recognizes the parallel explosive growth in fiber optic terrestrial
networks, wireless communications, local area networks, long haul transmission, security and computer
technologies, and investigates the vision of an interconnected “seamless web of interoperable
communication and information networks.” In framing its (size-constrained) program to address many
critical problem areas of this vision, the division testifies to an optimism that this vision can be reached.
Indeed, it is the integration and engineering for interoperability—considering and using existing systems as

Appendix E. North American Site Reports

275

well as very new breakthrough technology—that is likely to provide the greatest gains towards global,
ubiquitous connectivity. Hence, the program seeks to extend the application of MILSTAR (military) satellite
communications by introducing the (commercial) teleport concept; prototyping a UHF paging concept; and
also addressing certain improvements through application of optical processing (e.g., control of phased array
satellite receive antennas for uplink interference rejection).
Activity in optical terrestrial networks is based on SONET high speed standards combined with wavelength
division multiplexing (WDM), envisioned to achieve ultimately wide area networks and trunking capacities
of over 100 Tbps. Complementary activity in all-optical time division multiplexed channels operating at 100
Gbps is directed towards low latency, metropolitan area networks, soliton propagation, short pulse sources,
optical buffering and switching. Moreover, the protocol and security issues in interconnecting such
networks are recognized and addressed in architectural studies.
ADVANCED EHF
The project in advanced EHF (44/20 GHz) includes studies and component development to advance the
capacity, throughput and interconnection of EHF satellite communications with other media. Activities
address system transition problems associated with block changes to the space segment, global broadcast
transponders, advanced signal processing, use of EHF terminals as teleports, integration with terrestrial
networks, EHF protocols, and worldwide paging implementation. An advanced EHF testbed that includes
satellite and terminal emulation is used to investigate performance of concepts developed in the studies.
In the area of interference rejection uplink antennas, prior work had achieved 40 dB cancellation over a
2 GHz bandwidth at C-band in a two channel nuller; recent work has shown that translation of this approach
to Q-band (44 GHz) is feasible for a seven channel nuller, with similar performance demonstrated.
REFERENCES
Barry, Richard A. 1996. WDM and TDM All-Optical Network Architectures. Optical Society of America Annual
Meeting.
Chan, Vincent W. 1997. Global Information Network. Annotated lecture notes.
Figucia, Robert J. and Don M. Boroson. A System Architecture for the MILSTAR Teleport.
Marek, Todd C. 1996. MILSTAR Communications Gateway. Proceedings, IEEE MILCOM96, MS-11688.
MIT Lincoln Laboratory. 1993. MIT Lincoln Laboratory—Technology In the Public Interest. Cambridge, MA.
Niessen, Charles W. 1996. Tactical Communications via Airborne Nodes. Lincoln Laboratory JAC Seminar, March 20,
1997; see also “High Altitude UAV-Based Military Communications Services,” Proceedings of AIAA 16th
International Communications Satellite Systems Conference, vol.2, p. 841ff., Washington.
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Site Visit:

Lockheed Martin Corporation
Building 551
1272 Borregas Avenue
Sunnyvale, CA 94089
http://www.lmco.com

Date Visited:

July 23, 1997

WTEC:

A.U. Mac Rae (report author), J. Evans

Hosts:

Tev Gray
Mark Vargas
Gerry Phelps

BACKGROUND
Lockheed Martin is a large manufacturer of commercial, civilian government and military satellites. It is one
of the principal worldwide suppliers of GEO communications satellites, with a 15% share of the market in
1996. Its present form represents a series of mergers of satellite manufacturers over the past 15 years.
Lockheed Martin acquired the commercial satellite design, manufacturing and test facilities located in East
Windsor, NJ from Martin Marietta, which previously purchased it from GE, which in turn acquired it from
RCA Astro. This facility is being closed down, as are the GE/Martin-Marietta facilities in Valley Forge, PA.
The company has consolidated these operations with the Lockheed satellite ones into two new facilities. The
bus R&D and manufacturing and the satellite integration and testing operations are now performed in a large
new, modern facility in Sunnyvale, CA. The communications payload and power subsystem payload R&D
and manufacturing have been consolidated into a new 420,000 square foot facility in Newtown, PA.
Hardware produced in Newtown is shipped to the Sunnyvale facilities for integration with the satellite bus.
As a result of mergers and acquisitions the company is developing a totally vertically integrated satellite
organization, through all the phases from design, manufacture, launch and through to the providing of
services. It is a major supplier of launches with the acquisition of the very successful Atlas rocket program
from General Dynamics and the formation of the joint venture with the Russian Khrunichev State Research
and Production Space Center and with RSC Energia, to launch commercial satellites on the Proton launch
vehicle, which has had numerous successful commercial launches. It has also proposed Astrolink, a Kaband data satellite constellation, which will put it into the service business. Astrolink consists of nine
powerful, multi-spot beam satellites arranged in 5 GEO orbital slots with crosslinks between them.
Lockheed Martin has also filed for a Q/V-band system that is similar to Astrolink, but has greater capacity
due to greater amount of spectrum (3 GHz) available.
The company is participating in the mobile communications manufacturing market also with a $700 million
contract from Motorola to supply 125 satellite buses for the Iridium system.
DISCUSSION
Our site visit to the Commercial Satellite Center in Sunnyvale was canceled a day before our scheduled visit
due to commitments of the people who were to talk to us. Similarly, we were not able to schedule a visit to
the new Communications and Power Center in Newtown, PA due to prior commitments of the people
involved in the final move to this facility. Since Lockheed Martin is such a major supplier of commercial
satellites, we considered it important to include them in this report. In the absence of an opportunity to hold
a discussion on the topics that we had proposed, we were given a quick tour of the solar array facility and the
new high bay area in Sunnyvale.
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We saw advanced solar arrays in this facility. In the most advanced structure, the solar cells are mounted on
a lightweight “pleated shade” like structure that folds out like an accordion on a boom. This will enable
production of high power solar arrays that fit into the fairings of all launch vehicles, a major problem with
the large, highly used rigid panel approach to solar arrays.
As part of our tour, we looked out from an enclosed balcony onto an impressive new high bay area that is
used to integrate commercial communications satellites. I estimate that this area will hold about eight
satellites and is designed to improve facility sharing, material flow and testing and the ability to handle large
satellites. This is a vast improvement over the single room high bay areas approach that existed in East
Windsor, NJ. We saw only one satellite in this area, the most recent satellite for Echostar.
The relatively new A2100 bus is Lockheed Martin’s mainstay. The company has standardized on this bus
and has shipped and launched several satellites, including GE-1, GE-2, GE-3 and Echostar, that were
constructed on it. Much of the R&D is directed toward increasing the power available on the satellite and
the A2100 bus, which is capable of generating 15 kW in its standard configuration. This involves work on
the integration of new, higher efficiency solar cells, onto the innovative solar “pleated shades,” the use of
high efficiency, radiation cooled TWTAs, the design of more efficient heat pipes and fold out radiators and
improved design for thermal dissipation. Company engineers make extensive use of CAD tools and claim
that they can deliver a satellite that uses the A2100 bus in 18 months after receipt of the order.
Lockheed Martin is building the ACeS satellite, which will serve several Pacific Rim countries with mobile
satellite service. This is a GEO satellite that will provide service to a well defined political region, rather
than the entire world, minimizing many of the political negotiation problems that the LEO systems are
facing. What is most interesting about the technology of this satellite is that it has a large spot beam antenna
that will enable the ground terminals to work with about the same amount of power as a cellular phone. The
spot beams will provide frequency re-use, enabling mobile service at a cost that is expected to be less than
that of the LEO satellite constellations. Of course, this system does suffer from the round trip delay of 0.5
sec., which many people find objectionable. This is a satellite system that bears watching.
SUMMARY
Lockheed Martin has just finished the consolidation of satellite manufacturing into its new facilities in
Sunnyvale, CA and Newtown, PA. These modern facilities should position the company to deliver high
quality, modern commercial satellites at competitive prices.
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Site:

L-3 Communications
Communication Systems-West
640 North 2200 West
Salt Lake City, UT 84116-2988

WTEC:

W. Brandon (report author)

Hosts:

Stephen M. Kalstein, Director, SATCOM Terminal Programs
John Vogt, Director, Marketing
Cliff Johnson, Systems Engineer

BACKGROUND
Communication Systems-West, a division of L-3 Communications, is the new name for an organization with
forty years experience in military communications systems. The original entity was a division of Sperry
Univac, which was merged with Burroughs to become Unisys. Unisys Defense Systems was purchased by
Loral in 1994, and the company became part of Lockheed Martin when Lockheed acquired Loral’s defense
business in 1996. One year later, Lockheed Martin created a new business unit consisting of 10 of its former
divisions with ownership divided between Lockheed Martin, two Lockheed Martin executives having names
beginning with “L,” and Lehman Brothers. The new organization was renamed L-3 Communications.
Market recognition is the main obstacle this company faces with such a distinguished history in
communications systems, products and services.
The new L-3 Communications company has about 6,000 employees, organized currently as 12 divisions,
with 1997 revenue of 1billion. Communication Systems-West is the largest of these divisions. It is the
Communication Systems-West Division of L-3 Communications which is the subject of the following L-3
report.
Communication Systems-West division is located in Salt Lake City, Utah. It produces high performance
intelligence communication systems that distribute signal intelligence (SIGINT) and imagery data through
satellite relay systems for the DOD and other government agencies. It manufactures in low and medium
quantities. In addition to its high data rate, secure communication systems, L-3 also produces ruggedized,
industrial strength subsystems and provides a full range of support services for prime contractors,
commercial customers, and government agencies. The company’s three main product groupings are
airborne satellite terminals, transportable ground terminals, and a family of common data link (CDL)
equipment.
ADVANCED AIRBORNE SATELLITE COMMUNICATION TERMINALS
During the 1990s, CS-West has designed, built, and supported the deployment of seven families of advanced
airborne satellite communications data link systems for the U.S. Air Force, Army, Navy, and NASA. All of
these links are currently deployed and in use, or they are supporting current flight test activities. Return link
data rates range upwards from 1.544 Mbps, and command link rates range from 1.2 kbps to 200 kbps. These
links operate over a variety of commercial and military antennas with diameters from 30 to 48 inches. CSWest links provide wideband satellite communications transmission for both manned and unmanned
surveillance and reconnaissance aircraft.
CS-West provides satellite based UHF command and control capability for unmanned air vehicles (UAV)
programs. It accomplishes this through the use of a new demand assignment modem assembly that can
control up to three vehicles within one 25 kHz UHF channel. CS-West has a significant history of providing
control and telemetry equipment that dates back to the Sergeant missile program and past UAV programs.
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TRANSPORTABLE GROUND TERMINALS
CS-West has provided a number of air transportable earth terminal models for special applications. A
particular challenge was a high gain/temperature (GT) performance, 11.3 meter tri-band terminal undertaken
in 1990. The first of these medium size terminals, which set up within 12 hours, became operational in
1993.
Current development has led to a family of transportable, lightweight, tri-band terminals capable of
accessing C, Ku, and X-band satellites. A new product, believed to be the world’s first, is an integrated
antenna feed that can illuminate the dish in all three bands without any mechanical change or refocusing.
In addition, a number of key components (e.g., converters, multiplexers, and monitor/control hardware) have
been developed. They provide common modules across CS-West’s satellite terminal product lines, and they
are useful building blocks for integrated turnkey terminal development.
COMMON DATA LINK FAMILY
A modular interoperable data link family of multi-channel communication products can provide return link
data transmission from 1.544 to 274 Mbps, in a variety of frequency bands, with modular, interoperable
components. Both airborne and surface terminals are available for implementing line of sight, air to ground
data links. Technology advances on closely related modems, antennas and radio frequency components are
also applied to satellite terminals.
SUPPORTING TECHNOLOGY
CS-West is actively engaged in unique technology development for specialized airborne antennas, wideband
spread spectrum multiplexers, modems, and command/control hardware. Of special note is CS-West’s
development of application-specific integrated circuits (ASICS). The ASICs are software programmable
devices designed to accommodate BPSK, QPSK and 8ary phase shift keying (8PSK) modulation, with or
without direct sequence spreading and data rates up to 75 Mbps.
An important leading edge product is a digital compression device capable of compressing video, sensor
imagery, voice, etc. It has been evaluated in compression of synthetic aperture radar imagery by a 4:1 ratio
with very satisfactory results. Based on a proprietary vector quantization algorithm, this approach is
fundamentally different from others and shows promise of significantly better performance.
CONCLUSIONS
CS-West has historically provided quick response, high quality, special configurations of data links (rf and
optical) and satellite communication terminals operating at frequencies though Ku-band for both military and
commercial satellites. Special achievements have been packaging for small size and transportability, low
passive intermodulation product antennas, and tri-band feeds. CS-West is continuing its focus on special
leading edge applications. Recent advances include UAV systems, the integrated tri-band feed, vector
quantization compression codes, and mod-demod ASICs.
REFERENCES
L-3 Communications. 1997. Future Data Link Trends. L-3 study report.
____. 1997. L-3 Communications Acquires 10 Kunits from Lockheed Martin in $525 Million Transaction. New Company
Focuses on Secure Communications. Press release (April 30, 1997).
____. 1997. L-3 Communications, Communication Systems-West. Briefing Charts (June).
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Site:

Motorola Satellite Communications Group
2501 South Price Road
Phoenix, Arizona
http://www.mot.com

Date Visited:

July 24, 1997

WTEC:

K. Bhasin, W. Brandon, J.V. Evans, A. Mac Rae and S. Townes

Hosts:

Mr. Ray Leopold, VP and Chief Technical Officer, Satellite
Communications Group
Ms. Lee Ann Heffler, Assistant to Mr. Leopold
Mr. Dan Edwards, Network Operations Manager, Iridium North America

BACKGROUND
Motorola is currently constructing one of four global satellite systems for personal communications (PCS).
Known as “Iridium,” this system will be owned and operated by a separate company (Iridium, Inc.) whose
investors include operators of gateways (to the terrestrial network) in 11 or 12 countries. We describe this
system and its status below.
Motorola had also been proposing to build a satellite system operating at Ka-band and above for wideband
data communications, such as required by corporate intranets and Internet access. Known as “Celestri,” this
project is apparently no longer being pursued as a result of Motorola’s being named as a prime contractor for
Teledesic. The Celestri project is described below.
Absence of suitable C-band orbital slots has driven satellite developers to build satellites operating at Kuband (14 GHz earth-to-satellite and 12 GHz satellite-to-earth), and most INTELSAT satellites are now built
to have transponders operating in both bands. Powerful direct-to-the-home TV broadcasting satellites all
operate at Ku-band. These trends have rendered it now almost impossible to secure an orbital location where
a satellite at C or Ku-band can be operated without interfering with its neighbors. This has spurred interest
in operating at Ka-band (roughly 29 GHz for earth-to-satellite links and 19 GHz for satellite-to-earth links).
Interest in this band has until recently been confined to experimental satellites launched by the U.S., Italy,
and Japan. This is because, unlike C-band, rain greatly attenuates Ka-band signals (and to some lesser
extent, Ku-band), making this a difficult band in which to provide satellite services. However, Ka-band does
offer large amounts of presently unused spectrum capable of supporting a variety of high-speed data
services. To exploit this availability a group of private U.S. investors proposed a Ka-band satellite system
providing a global wideband distribution capability known as “The Callingsm Network” and later renamed
Teledesic. This system was to employ 840 low-altitude satellites each of which could relay to its eight
nearest neighbors and provide users (with sufficiently large terminals) access at rates up to 1.2 Gbps.
Despite the very ambitious nature of this proposal, the Teledesic organization was successful in lobbying at
the World Administration Radio Conference for Ka-band frequency assignments. This caused the FCC to
proceed with a “Notice of Inquiry” offering other applicants the opportunity to seek Ka-band spectrum (and
orbital locations). In all there were 13 applications submitted (in addition to the one from Teledesic)all of
them for geostationary satellite systems. Motorola proposed a four-satellite system serving the Americas
called “Millennium.”
The largest market for these wideband Ka-band systems is thought to be access to the Internet. Driven by
the existence of 200 million personal computers today and an anticipated 400 million after the year 2000
(most of which will be multimedia ready), the Internet is experiencing explosive growth. By some estimates,
there will be 150 million households using the Internet by the year 2000 representing a market of over
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$10 billion. To tap this market via Ka-band satellite terminals will require low-cost “consumer” terminals,
and this in turn will require large scale manufacturing. A second market is the use of the Internet by
corporations to create their own semi-private “intranets.” This could grow from over half million in 1996 to
more than $30 billion by the year 2000, and represents a more attractive market than the consumer market
since corporations: (a) tend to be “early adopters” of new technology and (b) are likely to require a higher
level of service, justifying more expensive terminals.
A key to understanding Motorola’s venture into communications satellite manufacturing is its manufacturing
quality aesthetic. Motorola has won the Malcolm Baldridge Award for quality and also won awards from
Japan for manufacturing quality. Company engineers approached the satellite problem as a manufacturing
quality problem rather than as a space problem. They were then able to view Iridium manufacturing in a
familiar context. The design for the factory was begun in 1990, and it is in full operation. Factory processes
employ principles of quality control. Motorola agrees that even 66 satellites is not “volume production.”
The prior record, about 40 satellites for GPS, compares to about 100 for operation and spares for Iridium.
However, the processes being used are very different from traditional satellite construction, and are
obviously influenced by experience in manufacturing volume quantities of smaller electronic systems. Only
17 days are required for the manufacture of a complete satellite. The production output rate is one/week.
It is also important to note that the satellite bus is manufactured by Lockheed Martin. Various other
components are produced by other companies (e.g., three phased array antennas/satellite are produced each
week by Raytheon). Motorola produces the digital communications electronics and system software, areas
of its acknowledged excellence. Components such as antennas are received, unpacked and bolted in place,
usually without testing at Motorola. This is a bold departure from the traditional gradual accretion of parts,
each step followed by expensive testing.
THE IRIDIUM SYSTEM
System Description
Several companies (almost all of them in the United States) have announced plans to construct and operate
satellite communications systems that would provide personal communications around the globe. Much of
this activity was spurred by a bold plan put forth by Motorola—to create a global personal satellite
communications system employing 77 (later changed to 66) satellites in LEO known as Iridium. Other
proposals for LEO systems followed, causing Inmarsat (the established GEO mobile system) to consider
what type of personal communications system it might launch. Guided to some extent by design studies
performed by TRW, Inmarsat adopted a system employing satellites in 6-hour orbits at 10,000 km altitude
(MEO). This system is now being built by an affiliate company called ICO-Global.
Loral, TRW, Constellation and Ellipsat are also building LEO and MEO systems, respectively, but have
opted for lower cost simple transponder satellites (no onboard processing) using CDMA to permit multiple
users to access the same transponders.
From a technical standpoint, the Iridium system proposed by Motorola, and currently being constructed by
that company in conjunction with Lockheed Martin, Raytheon, COM DEV, and other contractors, is the
most ambitious of the four. The system is being purchased and will be operated by a separate company
(Iridium, LLC), which has secured investment from many parts of the world (over $4 billion as of October
1997). The design employs 66 satellites placed in circular, nearly polar orbits at 780 km altitude. The
satellites will be deployed into six equi-spaced orbital planes, with 11 satellites equally separated around
each plane. Satellites in adjacent planes are staggered in latitude with respect to each other to maximize the
coverage at the equator, where a user may be required to access a satellite that is as low as 10° above the
horizon.
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Users employ small handsets operating in frequency-division-multiplexed/time-division-multiple-access
(FDM/TDMA) fashion to access the satellite at L-band. Most handsets are expected to be dual-purpose
satellite and cellular phones. In the satellite mode, four users share transmit and receive frames in channels
that have a bandwidth of 31.5 kHz and are spaced 41.67 kHz apart. That is, users are synchronized so that
they all transmit and all receive in the same time windows, alternately. This approach is necessary because
the (three) phased-array antennas are used for both transmitting and receiving. Uplink and downlink power
control is used to overcome partial shadowing.
The Iridium system employs onboard processing to demodulate each arriving TDMA burst and retransmit it
to its next destination. This can be to the ground if a gateway earth station is in view or to one of the four
nearest satellites: the one ahead or behind in the same orbital plane, or the nearest in either orbital plane to
the east or west. These satellite crosslinks operate at 23 GHz. The links to the gateway earth stations are at
20 GHz. down, 30 GHz up.
The use of crosslinks greatly complicates the design of the system, but allows global service to be provided
with a small number of gateway earth stations. In addition, the crosslink hardware proved not very complex
and represents less than four percent of the total satellite cost. At present, gateway earth stations are planned
for Tempe (Arizona), Rio de Janeiro, Moscow, Rome, Bombay, Bangkok, Jakarta, Taipei, Beijing, Seoul,
and Nagano (Japan). Some of these (e.g., at Tempe) have already been completed and are in use for
checking out the system. To properly route the traffic, each satellite must carry a set of stored routing tables
from which new routing instructions are called every 2.5 minutes.
The crosslinks to the satellite ahead and behind are the easiest to implement, since those satellites remain at a
fixed distance and in a fixed viewing direction. The crosslinks to the satellites in the adjacent orbital planes
have constantly changing time delays and antenna pointing requirements. To mitigate this problem, a
circular polar orbit (actually an inclination of 86.4°) was chosen. Even so, it is necessary to drop these
crosslinks above 68° latitude, as the angular rates for the tracking antennas become too high. To avoid
congestion on these links, they must be designed so that each crosslink can handle all of the service traffic
from a given satellite. Linking between satellites that are in ascending and descending planes is particularly
difficult and requires that packets be routed around the globe in the opposite direction. There is also a need
to monitor the number of times a packet has been routed via a node and to drop any when this exceeds a
certain value (15), lest the system become clogged with undeliverable traffic.
The onboard processor is being constructed using 178 very largescale integrated circuits designed
specifically for the project. It includes 512 demodulators, with closed loops that (via control channels to the
handheld units) cause the arriving hand-held bursts to be centered in frequency and time. The observed
Doppler shift of these arriving bursts is routed to the intended destination gateway earth station to determine
the user’s location. Service is then provided (or denied) based on country-by-country service agreements.
Each satellite is capable of handling as many as 1,100 simultaneous calls. (It was said that as many as 500
calls could be supported in a small area such as New England.)
Services to be provided include voice (probably at 2.4-kbps encoding, although 4.2 kbps is also possible),
data at 2.4 kbps, and high-penetration paging which affords 11 dB more power than the regular signal. The
design, however, already provides a link margin (~16 dB) that is higher than that of any of the competing
systems. This is because Motorola required that the handheld unit be usable from inside a vehicle (e.g., a
taxi) and this in turn was dictated by the business plan, which depends heavily on serving international
business travelers.
Station keeping for Iridium satellites uses onboard propulsion in order to overcome atmospheric drag and
have sufficient fuel for an 8 year life. Four telemetry, tracking and control facilities are being built to
manage the satellite operations at Hawaii, Yellowknife and Iqualuit (Canada), and Eider (Iceland), and there
is a separate engineering facility to diagnose problems that may arise (e.g., the failure of a crosslink). This
Master Control Facility will be in Landsdowne, Virginia with a backup in Rome, Italy.
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Satellite Status
Motorola had launched the first 34 of these satellites (as of October 1997) and planned to have the entire
system in operation in the fourth quarter of 1998. Electrical checkout has shown that all of these but one
measured extremely close to nominal values. No component failures have been observed. Currently,
satellites are being built at a rate of 1 per week and launch contracts have been secured in the U.S. (Delta),
Russia (Proton) and China (Long March) to place the remaining satellites in orbit.
Iridium Handset (Hand-Held subscriber Unit)
Motorola has centered the system design around the end user and has had a cellular telephone handset user
terminal in mind from the outset. Communications should be possible from within houses, in foliage, and
“from the rear seat of a taxi.” The phone is expected to be usable within >90% of the structures in the world.
To make this possible, a link margin of 16 dB has been specified.
There has been some controversy about the Iridium handset in terms of feasibility, design and cost.
Motorola has changed the design, or appeared to change it, several times over a period of several years, and
the estimated price has varied, as revealed by speakers at public gatherings. Some evolution of such a new
device should be expected but reports on the status may have fueled the controversy.
Motorola is a world leader in sales of subscriber telephone units, with an 18 year history in cellular phones.
Primary design and manufacturing responsibility is in Schaumburg, IL. This organization is fully
responsible for the Iridium handset and has extensive experience in producing complex handsets at minimal
cost. The Motorola Startac phone cost $3000 when first introduced and now sells for as little as $150. It is
inferred that a large production is anticipated to bring the cost of the Iridium handset down, as well.
Motorola representatives stated that it is the cosmetics and features that are “fiercely guarded.” There is an
unsettled lawsuit with Qualcomm over the Startac design. The antenna is said to be a quadrifilar helix type,
and flips up for use. The sketch we were shown was not extremely clear in terms of revealing much about
the communications services or man-machine interface. It is possible that some limited form of messaging
will be built in together with the paging function, for example.
Around 1990-1991, Motorola selected some of the requirements for the handset. At that time, a leading
world standard for cellular was GSM. Consequently, Motorola chose GSM to be a second mode for the
IRIDIUM dual-mode handset. It is likely that most, if not all, IRIDIUM handsets will be dual mode;
however, some may have a different cellular standard than GSM, intended for parts of the world where GSM
is not used.
Voice Quality
Codex (Mansfield, MA) is said by Motorola to have unexcelled expertise in tandem operation of digital
vocoders. The implication is that some proprietary coding is used to make Iridium voice more readily
integrable with world digital telephone systems. The trick is in non-uniform error protection of digital
speech samples. Coding rates are said to be 7/8 for bits of low “importance” and 1/3 for bits of highest
importance. As an example, 2.4 kbps LPC 10 is expected to work in tandem with Iridium with excellent
speech quality at both ends.
Field Trials
About 400 to 1,000 handsets were scheduled to be manufactured for “large scale” field tests in the spring of
1998. The full constellation of 66 satellites was expected to be in orbit by springtime; and the system is to
be declared operational in the fourth quarter of 1998. Some senior Motorola personnel will participate in
evaluations with users so the trials are in some way a portion of the “system qualification test.”
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Airborne Terminal
An interesting revelation is that Allied Signal was said to be working on integration of Iridium into aircraft,
with a service to be available by mid 1999. Allied is “doing whatever is necessary for airplanes,” which
might require an external antenna, for example, although this was not stated. This airborne capability could
take several forms and may not be perfectly applicable to Air Force needs; nevertheless, it suggests that the
system at least is compatible with airborne use.
Software
In response to a question, Motorola hosts estimated that the software in one of the gateway earth stations was
about ten million lines of code. Of this total, about nine million lines of code are said to be commercial off
the shelf (“COTS”). Although the integration was apparently not complete, there was absolutely no concern
about the software in the earth stations.
The waveform, multiple access, power control, and other features that would impact software or firmware
relating to the handset appear to have been frozen for some time. GSM “COTS” software is used.
The approach to the software is to develop upgradable software in increments. It is probable that the field
trials will be used to make some refinements. Software used on the satellites is uploadable from the ground.
Full capability is not required until the system is operated in a full-up mode (using crosslinks, ground entry
stations, etc.).
Motorola is certified as a level 4 software developer and anticipates level 5 certification by the end of the
year (Carnegie Mellon University, Software Engineering Institute or SEI standard). There are only four or
five level 5 houses in the world, and Motorola has three of these sites. This suggests confidence in software
developed for Iridium.
CELESTRI
Motorola originally filed for a system to be called “Millennium” via a wholly owned subsidiary (Comm.
Inc.). This was to have been a satellite system to serve the United States, Central and South America from
geostationary orbits. Subsequently, Motorola filed for a new system known as “M-Star” operating above
Ka-band and employing 72 satellites in low earth orbit. M-Star would employ uplinks in the 47.2-50.2 GHz
band and downlinks at 37.5 to 40.5 GHz.
In yet a third filing, Motorola proposed a system to be known as Celestri, which it has now apparently
decided not to pursue since becoming the prime contractor for Teledesic. Celestri would have represented a
merger of the two previous systems, employing 63 Ka-band LEO satellites at 1,400 km altitude and an
unspecified number of geostationary satellites. The system was designed to offer very high data rate access
(from 64 kbps to 155 Mbps) and in this sense is seen as a close competitor with the Teledesic system.
The Ka-band LEO portion of the Celestri system would employ 9 satellites equally spaced around seven
orbital planes inclined at 48° to the equator. This provides visibility of one satellite above 16° elevation
100% of the time at all latitudes up to 60° and of two satellites > 90% of the time up to 55° latitude. Each
satellite will have 432 downlink and 260 uplink beams. This large number of beams allows for a 35-fold
reuse of the assigned frequency band using a 7-cell cluster pattern. Optical intersatellite links employing
mechanically steered optics will permit connection to the six nearest satellites. Each satellite will have a
capacity to support up to 1.83 Gbps peak demand over a single 7-cell cluster can vary between 0.23 and 0.34
Gbps depending on the mix of terminals accessing the satellite. Uplink rates of 2.048 Mbps, 51.84 Mbps,
and 155.52 Mbps are contemplated with downlinks at 16.384 Mbps, 51.84 Mbps, and 155.52 Mbps, using
demand-assigned FDM/TDMA channels.
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Motorola expects some users, whose needs are not delay-sensitive, to use links afforded by geostationary
satellites and has recently filed for additional orbit assignments. The M-Star system, if authorized, would
have available 3 GHz of bandwidth allowing for very high speed data links between, for example, Internet
service providers. These satellites are likely to be added to the system last.
OBSERVATIONS
Motorola is an extremely competent company and has secured strong partners in carrying out the Iridium
project. With their help all the technical obstacles in this very complex system are said to have been
overcome, and it is expected that the system will go into operation on schedule. This success has bred a
strong sense of self-confidence, and Motorola sees little or no need for government support in tackling any
of the satellite industry’s technical challenges—other than securing lower cost launch services.
The progress seen on this visit certainly removes any doubt about the commitment and status of the satellites.
While less insight was obtained on the user terminal, it appears that this area is in good hands and must also
be in production. This author concludes that the Iridium system will be successful.
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Site:

NASA Lewis Research Center
21000 Brookpark Road
Cleveland, Ohio 44135
http://ctd.lerc.nasa.gov

WTEC:

K. Bhasin (report author)

Hosts:

Mr. James Bagwell, Communications Program Manager
Mr. Rodney Knight, Acting Chief, Space Communications Office
Dr. James Dayton, Acting Deputy Chief, Communications Technology Division
Mr. Louis Ignaczak, Chief, ACTS Experiments Office
Mr. Wayne Whyte, Acting Chief, Spectrum Management Office
Mr. James Budinger, Acting Chief, Project Development & Integration Office
Dr. Vernon Heinen, Acting Chief, Electron Device Technology Branch
Dr. Charles Raquet, Acting Chief, Applied RF Technology Branch
Mr. Edward Petrik, Acting Chief, Digital Communications Technology Branch

BACKGROUND
The mission of NASA’s Commercial Space Communications Program conducted at the Lewis Research
Center (LeRC) in Cleveland, Ohio, is to work in partnership with industry, academia, and other government
agencies to enable new space communications capabilities that support NASA missions and increase U.S.
industrial competitiveness, and foster the development of the National Information Infrastructure (NII) and
Global Information Infrastructure (GII). The program is conducted by the following two organizations:
SPACE COMMUNICATIONS OFFICE
The Space Communications Office manages the ACTS program, carries out spectrum management for the
agency, and plans and conducts collaborative experiments and projects to develop and demonstrate advanced
communications technologies and services.
ACTS Experiment Office
The Advanced Communications Technology Satellite (ACTS) Experiments Office is responsible for the
satellite’s on-orbit operations as well as four different groups of earth terminals. The ACTS satellite has
been on orbit since September 1993. This office coordinates, as well as schedules, experimenter activities.
The staff is augmented by various contracts that provide 24 hour support to NASA’s Master Ground Station.
Tours are frequently given to members of the general public to make them knowledgeable about the ACTS
Project. In addition to conducting earth station site operations, a variety of technology experiments are
conducted. A sizable data processing effort is ongoing to reduce the vast amount of ACTS data in order to
make it helpful to U.S. industry.
Spectrum Management Office
The NASA Spectrum Management Office is responsible for satisfying NASA program, mission, and project
requirements for spectrum as well as providing technical advocacy in support of U.S. commercial aerospace
industries in appropriate spectrum regulatory forums. The Spectrum Management Office is active in both
national and international arenas in protecting and advocating both agency and commercial spectrum needs.
These activities include providing supporting technical information and studies as well as interacting with
other U.S. agencies and negotiating with foreign countries through the FCC, NTIA, Department of State, and
the International Telecommunications Union.
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Project Development & Integration Office
The Project Development & Integration Office (PDIO) is responsible for identifying and developing
opportunities to demonstrate and insert advanced communications technologies into commercial applications
and NASA missions. The PDIO is assisting the agency with the transition from its own dedicated
communications infrastructure to emerging commercial communications solutions. The PDIO plans and
executes projects in satellite-based aeronautical communications for air traffic management, and in direct
distribution of broadband data from low earth orbiting spacecraft. In support of the ACTS program, the
PDIO provides ACTS experiment support, propagation modeling, and rain attenuation experiments.
COMMUNICATIONS TECHNOLOGY DIVISION
In this division, a precompetitive space communication research and technology program is conducted in the
following branches:
Satellite Networks and Architectures Branch
The branch staff members perform advanced research and development of next-generation, space-based
information systems to enhance the role of satellite communications in the National and Global Information
Infrastructure (NII/GII) and to meet future NASA mission communication needs. Since the realization of
NII/GII is based upon global heterogeneous communication networks, standards and interoperability are an
important consideration in the definition of the branch programs. The Satellite Networks and Architectures
Branch carries out its mission through partnerships with the satellite communication industry and academia.
The Center for Satellite and Hybrid Communication Networks at the University of Maryland, College Park,
a NASA commercial space center, is an integral part of this program.
Electron Device Technology Branch
The Electron Device Technology Branch is responsible for conducting research and development in vacuum
and solid state electronics in support of the commercial communications satellite industry and NASA
mission needs. The work is directed primarily to increasing the efficiency, improving the reliability and
reducing the mass of electron devices for space applications. A balanced program of computational and
experimental research is conducted with frequent collaboration and consultation with U.S. industry,
academia and other government agencies.
Applied Rf Technology Branch
The branch addresses applied radio frequency (rf) technologies, with emphasis on antennas. It conducts
research and advanced development activities resulting in focused solutions for NASA enterprises and for
commercial communications. It develops and demonstrates electrically scanned MMIC phased arrays, space
fed active arrays, printed elements and arrays, power combining arrays, digital beam forming arrays and
cryogenically cooled receivers.
Digital Communications Technology Branch
The branch works on next-generation modulation, coding, signal processing, and switching technologies. It
conducts research and development activities resulting in focused solutions for commercial communications
and NASA missions. It develops innovative digital subsystems, intelligent and autonomous control
subsystems, and responsive computing solutions for the communications program.
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RESEARCH AND DEVELOPMENT ACTIVITIES
Project Development and Integration Office—Applied Research Experiments
The effects of atmospheric propagation and rain effects must be accurately modeled and taken into
consideration during the design of both the space and ground segment of high frequency communications
satellites. The Project Development and Integration Office is conducting two activities in this area.
Rain Attenuation Prediction Modeling
Propagation modeling activity at LeRC has been an ongoing effort since the inception of the Advanced
Communications Technology Satellite (ACTS) Project, for which such work was necessary. An enhanced
rain attenuation prediction model has been constructed by Dr. Robert Manning for use in the optimal design
of a communication satellite system operating at Ku-band and above (e.g., Ka-band, V-band,...) that can be
applied for any location in the world. This unique model is being continuously refined and used at the
request of several commercial companies for the design of future communications and direct broadcast
satellite systems, and the Global Broadcasting System (GBS), which is a joint military effort. This capability
is just now (9/97) gaining international recognition and it is expected that foreign concerns will also be using
its novel capabilities.
Dr. Manning’s pioneering mathematical modeling techniques have been incorporated into a tool that
independent users confirm is more flexible and accurate than other rain attenuation prediction models in
common use. Dr. Manning’s model has become critical to those companies and agencies developing new
communications systems in higher frequency bands, where the atmospheric effects are more pronounced,
and yet the need for reliable, high-quality, efficient communications is a matter of worldwide market
competitiveness and national interest.
Wet Antenna Effects Characterization
Dr. Roberto Acosta has recently discovered, and is characterizing through a set of ACTS experiments, the
degradation to performance due to wet Ka-band ground based reflector antennas. The objective of his work
is to experimentally characterize antenna wetting in a Ka-band ground based very small aperture terminal
(VSAT) system. This process will include the theoretical explanation of physical phenomena and the
development of compensation techniques for minimizing the effect. His early dissemination of findings and
analyses at NASA propagation experiments (NAPEX) conferences has drawn significant attention from
developers and users of satellite ground terminals. Experimental data collection was continuing into FY98,
and periodic reports on results of the data analysis will be presented. The ACTS spacecraft and several
VSAT's are used in the wet antenna experiments. In-house weather facilities (rain gauges) and the data
acquisition network are located in the VSAT Characterization Laboratory.
The output of wet antenna research will be used to develop system performance requirements and design
criteria with the revolutionary impact of potentially reducing system outages due to wet ground satellite
antennas. These techniques and design criteria are being adopted by Hughes DirecTV (a Ku-band service)
and by other Ka-band filers with the potential for increasing the quality of satellite systems. This research
work can be easily extended to frequencies beyond Ka-band.
Project Development and Integration Office—Applied Technology Projects
The PDIO is planning and executing projects that demonstrate the application of advanced communications
technologies to civil applications in air traffic management via satellite and in direct data distribution from
LEO spacecraft.
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Advanced Communications for Air Traffic Management (AC/ATM)
The AC/ATM Project is a sub-element of the Advanced Air Transportation Technologies (AATT) Program
led by NASA Ames Research Center. AATT is an eight year program that began in 1997 and ends in 2004.
The objective of the AATT Program is to develop new technologies that enable free flight; an operating
system in which pilots have the freedom to select their path and speed in real time.
The objectives of LeRC’s AC/ATM project are: to evaluate the technical, cost, schedule and risk
characteristics of present and emerging communications, navigation and surveillance (CNS) systems, and
technologies to provide the unique communications required by the Advanced ATM Concept; to define the
requirements and opportunities for satellite communications in free-flight air traffic management and
identify any CNS related research issues that need to be addressed to support the AATT Program; to
demonstrate and evaluate emerging ATM concepts, procedures, and airborne technologies, both flight-deck
and communications, through real-time simulation of the communications infrastructure and actual satellite
experiments; and, to develop and demonstrate high-risk, high-pay-off advanced communications
technologies required for airspace users to realize the benefits available under the future National Airspace
System.
Direct Data Distribution (D3)
Raytheon TI Systems (RTIS) and LeRC are developing technologies to enable K-band direct data
distribution (D3) from LEO spacecraft at 622 Mbps transmission rate to small (1.8 meter), low-cost
autonomously tracking terminals. Under a 50% cost-shared cooperative agreement, RTIS is developing the
first ever 19 GHz dual-beam transmit phased array antenna, while LeRC is providing a compatible high data
rate digital encoder-modulator and a low-cost tracking ground terminal with terrestrial telecommunications
network interfaces. Under the D3 project, a HitchHiker class Space Shuttle experiment in the 2000 time
frame is planned, to demonstrate unprecedented wideband data distribution from LEO platforms, with fiberlike quality.
The LeRC D3 approach offers advantages over lower frequency (X-band), conventional mechanisms. The
electronically steered (vibration free), compact array (about 8 inches in diameter and 1 inch thick), will
provide an attractive alternative to much larger (about 1 meter in diameter), mechanically steered reflector
antenna systems currently used on large and small spacecraft. Efficient, multichannel digital modulation will
provide at least 4 times greater burst throughput and about 4 orders of magnitude better quality of service
than is currently available. The D3 approach enables a new communications solution for government and
commercial remote sensing satellites, the International Space Station, and near-earth science spacecraft, and
applies as well to high-speed commercial satellite gateways to the terrestrial networks. The commercial
space-to-earth frequency band (19 GHz) will enable NASA to explore the possibility of leveraging
commercial communications assets to satisfy some of its operational needs.
Vacuum & Solid State Electronics Technologies
The work in vacuum electronics is primarily in the areas of computer modeling, computer-aided design
techniques, electron emission, suppression of secondary emission, and testing of novel devices. The group
claims a long list of computer modeling firsts, most recently in the area of helical TWTs and device
optimization. The work in electron emission spans the range from basic research in surface physics and
chemistry to life testing of cathodes, and combines both experimental and computational efforts.
The solid state research is focused on monolithic microwave integrated circuits (MMICs), materials
characterization, thin film high temperature superconductor devices, device packaging, transmission lines,
and thin film ferroelectric devices. The work is primarily experimental and is conducted in collaboration
with U.S. industry and universities.
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Digital Technologies
The work in modulation and coding is primarily for the development of power and bandwidth efficient
modulation, combined modulation and coding schemes, and digital transmission techniques for application
in satellite communication systems. Modulation and coding schemes are investigated, developed and
optimized to meet a broad class of next generation commercial LEO, MEO and GEO satellite system
requirements. Efficient digital implementations of candidate transmission schemes are developed, analyzed
and validated via lab or field demonstrations.
Currently, forms of QPSK and BPSK based modulation schemes at 1 to 2 bits/Hz bandwidth efficiency and
some limited use of trellis coded 8PSK (~3 bits/Hz) are the most prevalent in current systems. However,
future satellite communication links will require a push to higher order modulation schemes (>4 bits/Hz
bandwidth efficiency) combined with powerful coding to maintain compatibility with terrestrial data rates
(100-1000 Mbps) with equal quality of service (10-9 error rate or better).
The Space Communications Technology Center (SCTC) is optimizing digital transmission techniques for
various satellite rf link characterizations and terrestrial network standards by novel utilization of real time
digital compression techniques combined with error correction codes to maintain robust, high speed data
links.
Compatibility with commercial terrestrial and satellite communication systems will continue to play an
important role as the goverment moves to augment current communication services with commercial
services in order to reduce mission costs and maintain GII/NII interoperability. In addition to maintaining
commercial service compatibility, the NASA user community is demanding increased data throughputs that
are taxing current onboard data store and forward architectures that could be eased with high speed direct
data downlink (D3) to users, central distribution, or archive sites.
The work in switching and routing is primarily for the development of highly reliable and efficient onboard
processing (OBP) schemes necessary to achieve greater than 100 Gbps throughput to accommodate various
traffic services including ATM, B-ISDN and SONET. In addition, high temperature superconducting (HTS)
microwave components including filters and multiplexers are being developed for satellite communications.
Switching and routing schemes along with miniaturized HTS/dielectric multilayer filters are being
investigated to meet next generation commercial communications satellite requirements. Candidate schemes
and components are being developed, tested and validated in-house and through industry and academia
collaboration.
Advanced Antenna Technologies
Raytheon TI Systems (RTIS) and LeRC are developing a high gain, wide angle scanning 19 GHz MMIC
transmit array under a cooperative agreement with 50/50 cost sharing. This array, with two independently
steered beams, will be demonstrated in a space experiment of direct data distribution (D3) (see D3 write-up
above). Under another cooperative agreement, LeRC and SS/Loral, Sanders, SRC and AFRL are developing
a Ka-band active lens array with digital beam shaping. This cost shared effort will provide an engineering
model of a distributed active lens capable of demonstrating simultaneous multiple beam operation with
increased sensitivity and off-axis scan performance for GEO applications.
Reflect arrays providing high gain performance for space and ground applications are being investigated inhouse. Innovative concepts using new approaches for element phasing and active beam steering at low cost
are being developed. Another technology under investigation brings together cryocooler technology and
HTS receiver device technologies in a cooled feed for reflector antennas, reducing noise temperature and
thereby increasing G/T.
Other in-house investigations are focused toward advanced space-fed array designs, device integration
technologies, and printed element and array designs and power combining. Definitive investigations have
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been performed on tapered slot antennas, a potentially low cost endfire-type configuration. Advanced
metrology tools capable of characterizing array/modulator interactions for electrically large arrays under
conditions of wide angle scanning have been developed.
Satellite Networks/Interoperability/System Research
LeRC is addressing an emerging need for development of architectural frameworks for the next-generation
space-based global information systems. LeRC has begun to provide technical contributions to various
standards-making bodies regarding architectures and reference models.
The approach is to define market trends for satellite addressable global information infrastructure markets,
develop conceptual architectures for third generation space-based architectures, perform network analysis for
a space-based information infrastructure, and perform technology and economic assessments.
Recently, studies have been completed on next-generation, space-based architectures for broadband services
and market trends. The studies are available upon request. Technical contributions have been provided to
ANSI-IISP and ITU-T Study Group 13 (GII Architectures).
Existing Internet applications are being tested to determine the effectiveness of the satellite link in the hybrid
network. The satellites are being placed in networks of various sizes and topologies to fully characterize
their capabilities. Telemedicine and tele-mammography applications are being tested over satellite with
leading hospitals and medical schools using ACTS and other satellites.
Experiments are being carried out to evaluate proposed modifications to the TCP protocol. Extensions are
being tested in an attempt to improve satellite communication. However, the extensions are also being tested
in terrestrial environments. Among the extensions being tested are retransmission mechanisms based on
selective acknowledgments (e.g., FACK TCP) and TCP with larger initial windows. Tests evaluate the
mechanisms’ performance benefits and their fairness to other traffic. LeRC participates in the Internet
Engineering Task Force (IETF)’s TCP Over Satellite Working Group.
ATM testing is being performed to determine quality of service parameters that satellites must provide to
remain competitive in the Global Information Infrastructure (GII) and to evaluate the effect of transmission
link quality and characteristics on overall quality of service. The approach being used is to evaluate ATM
over a noisy link (ATM was designed for "near" error-free channels such as fiber), evaluate digital video
over satellites (digital video, particularly compressed video such as MPEG-2, is expected to require stringent
quality of service), and evaluate effect of linked protocols.
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Site:

Orbital Sciences Corporation (formerly CTA Space Systems)
1521 Westbranch Drive
McLean, VA 22102

Date Visited:

May 15, 1997

WTEC Attendees:

C. Bostian (report author), R. DePaula, S. Goldstein, N. Helm, C. Mahle

Hosts:

Charles J. Williamson, Business Development Manager
Jonathan Cooper, Program Manager

BACKGROUND
Orbital Sciences Corporation, which recently acquired CTA Space Systems, is known primarily as a maker
of one-of-a-kind small satellites for DOD and NASA. Twenty-six of its spacecraft have flown.
INDOSTAR, a geostationary “litesat” is its first GEO and largest commercial project. The company tries to
leverage future projects from current ones: almost every project that OSC does has some elements of testing
new systems. Sometimes the company develops components in-house for one program that it might buy
from vendors for another. Its in-house capabilities include sun sensors, reaction wheels, onboard computers.
OSC primarily builds buses rather than payloads.
OSC sees its market niches as building extremely tiny satellites, getting high efficiencies from a few
kilograms of payload. The Clark satellite is an example. There OSC is teamed with Lockheed Martin.
Obviously Lockheed Martin has excellent capabilities for building large satellites, but when the spacecraft
size and complexity drops below a certain level, OSC is competitive.
OSC’s international competition is Surrey and, in some cases Matra Marconi.
OSC does not see itself entering the mass market for LEOs.
OSC has bundled satellites and earth stations as a package. As a result, the satellite telemetry and control
software is not standard.
INDUSTRY TRENDS AND NEEDS
OSC sees cheaper launch vehicles as a primary industry need. Other cost drivers are transponders and solar
arrays.
As a small company, OSC is concerned with accessing and using existing knowledge. It feels a lack of one
place to go where it could find out about, for example, a particular standard: how should it be used and what
are the pitfalls? We discussed some federal technology transfer programs. OSC staff did not seem to be
aware of these.
INDOSTAR
INDOSTAR is a five-transponder bent-pipe satellite for Indonesian TV broadcasting. OSC bought the chips
and built and programmed the computer that runs the spacecraft. The engineers do not feel that they are
pushing the state of the art. The antennas were built by Composite Optics to a COMSAT Laboratories
design.
INDOSTAR uses X-band uplinks and S-band downlinks.
broadcasting in Asia.

These frequencies are allocated for TV
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OSC designed an S-band SSPA engineering model for INDOSTAR; the power FET devices were bought
from the Far East. In 1995 when the required number of high reliability devices for flight use could not be
obtained due to manufacturing problems (power slump) at the supplier, OSC was forced to use TWTAs.
OSC sees geosynchronous litesats as an important growth area. Multiple litesats can occupy a single orbital
slot. Building and launching one at a time allows the satellite operator to begin receiving revenue after a
smaller up-front investment. OSC sees older Hughes designs as its principal competition in this market.
OSC is looking at other applications for GEO litesats besides communications.
OTHER SATELLITE COMMUNICATIONS CAPABILITIES AND ISSUES
Except for INDOSTAR, few of OSC’s satellites have been designed for communications. In part the
company was able to keep its satellites small and low cost by sending minimal data to the ground.
Transmission was usually at low speed using in-house VHF or UFH hardware. Recent requirements for
higher rates have been met by going to COTS equipment at S-band and X-band.
Communications technology has not been a major emphasis, but recent strategy has been to move in that
direction and to focus on payloads. OSC designed the small constellation communications system used in
Desert Storm. Comprised of five small LEOs, OSC representatives state that to the best of their knowledge,
it is the first of its kind.
CONCLUSION
OSC is an excellent designer and manufacturer of small satellites. It seems to be skillfully exploiting this
market niche and leveraging it to build new products like INDOSTAR.
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Site:

QUALCOMM Incorporated
6455 Lusk Boulevard
San Diego, CA 92121-2779
http://www.globalstar.com/
http://www.qualcomm.com/

Date Visited:

June 5, 1997

WTEC:

S. Townes (report author), K. Bhasin, N. Helm, C. Mahle

Hosts:

Jan King
Leonard Schiff

BACKGROUND
QUALCOMM Incorporated is a leading supplier of technology for wireless systems. Most notably,
QUALCOMM is a leading purveyor of code division multiple access (CDMA) technology and systems for
cellular, personal communications services (PCS) and wireless local loop. QUALCOMM also produces and
markets OmniTRACS®, a satellite-based system for tracking and information services for trucking fleets. In
support of its own businesses but also as a standalone product, QUALCOMM provides application specific
integrated circuits (ASICs) for such functions as frequency synthesis and forward error correction coding.
QUALCOMM’s Internet related product is the Eudora email system with PureVoice voice
compression/decompression technology for voice messaging. QUALCOMM employs approximately 8,000
people worldwide.
This site visit, however, primarily focused on QUALCOMM’s participation in the development of the
Globalstar satellite system. The Globalstar system is a satellite-based digital communications system using a
constellation of 48 low earth orbiting satellites to provide global services similar to those provided by a
terrestrial mobile communications system, e.g., voice, fax, messaging, etc. QUALCOMM is one of the
founding partners in Globalstar, L.P., and has been awarded contracts to develop and manufacture the
Ground operations control centers (GOCCs), gateways and subscriber terminals.
ACTIVITIES
As mentioned above, QUALCOMM is primarily responsible for the Globalstar ground segment. This is in
no small part due to the selection of CDMA for the Globalstar system. QUALCOMM is a leader in CDMA
technology. QUALCOMM was awarded a contract with an initial value of $275 million for the ground
segment development.
It was emphasized that there was substantial interaction between the satellite and ground segment designers.
This was primarily due to the fact that “bent-pipe repeating” is somewhat more complex with CDMA due to
power control issues.
The Globalstar ground segment consists of a Satellite Operations Control Center (SOCC), Ground
Operations Control Centers (GOCC), gateways, and subscriber terminals. The SOCC provides all of the
telemetry, tracking, and command functions for maintaining the constellation. There is a redundant SOCC.
The GOCC plans and controls gateway utilization of satellite resources in conjunction with the SOCC.
Gateways provide connections between subscriber terminals and the public switched telephone network or
the public land mobile network. A wide area network ties the SOCC, GOCC and gateways together.
A gateway installation will typically contain four terminals for contacting satellites in view. The gateway
also performs the computations for the position location information provided to the subscriber terminals.
Gateways communicate with the satellites at C-band. In one example of the global nature of the Globalstar
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consortium, the gateway rf systems are manufactured by Alcatel and Alenia—with one of each located at the
San Diego facility. In addition to the QUALCOMM IS-41 mobile switching center (MSC) equipment,
Alcatel is providing GSM MSC equipment. The initial gateway locations are Clifton, Texas, Aussaguel in
France, Yeo-Ju in South Korea, and Beijing in China. Service providers around the world will operate the
gateways purchased from Globalstar.
The user terminals come in fixed, mobile and personal versions and communicate with the satellites in the Lband. The fixed terminal provides digital telephone service, either private or the equivalent of the public
telephone, in remote locations. The mobile/personal phones are functionally similar, though the mobile
phone can have a remote antenna and higher output power since it is not required to run off of a battery. The
personal terminals will come in three versions. The common attribute is the Globalstar/QUALCOMM
CDMA phone. Ericsson, Orbitel, and Telital will add GSM capabilities to the Globalstar phone for a second
version. The third version will be Globalstar/IS-95/AMPS compatible. The second generation phones will
use a higher level of integration of the terrestrial and satellite equipment. Speech processing is used to
provide digital speech at an average rate of 8 kbps over a 9.6 kbps channel—the rest for overhead.
Diversity, i.e., using the strongest satellite visible, is also used to increase system performance when
shadowing or fading situations exist.
QUALCOMM is counting on substantial heritage from the terrestrial cellular phone software development
across the network, i.e., GOCC, gateway and user terminal. It was also indicated, however, that efficient
software development is key to reducing costs.
One area where QUALCOMM managers feel that the government could help is to provide more sensible
out-of-band emission standards, particularly with respect to interference to L-band navigation systems. This
could be a problem with type acceptance of the higher powered mobile phones.
SUMMARY
QUALCOMM is a strong player in the development of the Globalstar system due to its technological
expertise in CDMA systems and terrestrial cellular equipment.
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Site:

Space Systems/Loral
3825 Fabian Way
Palo Alto, CA 94303-4604
http://www.ssloral.com/

Date Visited:

July 22, 1997

WTEC:

A.U. Mac Rae (report author), W. Brandon, J. Evans (COMSAT), with John
Evans (guest)

Hosts:

Craig L. Thorn, Director, Technology, Advanced Systems and Technology
Ron Dalebout, Executive Director, Marketing and Sales
Christopher F. Hoeber, Vice President, Systems Engineering, Integration and Test

BACKGROUND
Space Systems Loral (SS/L) operates as a wholly owned subsidiary of Loral Space Communications (LS/C).
LS/C also has a 34.4% equity interest in Globalstar, L.P. LS/C acquired Skynet Satellite Services from
AT&T in early 1997, which enables it to provide satellite services to U.S. customers with its four GEO
satellites. A new activity, CYBERSTAR, a worldwide high-speed communications system, has been
proposed. Initially, it will consist of three GEO Ka-band satellites, to provide interactive, broadband
multimedia data transmission.
SS/L designs and manufactures telecommunications, weather and direct broadcast satellites. It is a world
class manufacturer of satellites, with 25% of the total geosynchronous satellite market in 1997. It expected
revenue of $1.7 billion in 1997. Its Palo Alto facility has technological capabilities to provide total
spacecraft design as well as the manufacture, test and flight support of satellites. It planned to deliver 9 GEO
satellites in 1997 and had a backlog of 24 satellites ($2.7 billion), with a work force of over 3,700
employees. The company has long-term strategic partnerships with numerous global suppliers of spacecraft
parts and sub-systems. Considerable focus is directed to improving design and manufacturing processes to
enable it to be a low cost, rapid turn-around provider of high quality satellites.
RESEARCH AND DEVELOPMENT ACTIVITIES
Loral has been a leader in the insertion of new technology into commercial spacecraft. Some recent
examples include: contiguous multiplexers (INTESLAT V), digital processor attitude control (INSAT), an
integrated bi-propellant system (INSAT), embedded heat pipes (Superbird), dielectric resonator filters
(Arabsat), high performance nickel-hydrogen batteries (N-Star) and commercial phased array antennas
(Globalstar).
In response to the increased competitiveness of the global spacecraft industry, Loral has significantly
changed its business practices. It has aggressively evolved its technology to include high powered satellites
in its portfolio. Key to these business practice changes are two projects:
Omega
R&D to develop low cost reusable products, with an objective of reducing mass and cost by 30%. In
actuality, this project achieved a 40% reduction in mass and cost while improving reliability and delivery
times.
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Related R&D
Development of higher performance spacecraft, initiated in 1996. The Lafayette spacecraft will have up to
20 kW power capability, over 100 transponders, electric propulsion, multiple deployed and fixed antennas
and will be ready for launch in early 2000.
The company has increased R&D spending to meet the objectives of these programs.
Loral does not try to manufacture all parts of the spacecraft. Believing that it can obtain the best technology
by combining in-house technology development with a reliance on numerous worldwide specialty suppliers,
Loral develops long-term relationships with these suppliers, enabling it to obtain the best parts available at
competitive prices. A key factor in its ability to deliver quality satellites on schedule are the company’s
robust design, manufacture and test capabilities, combined with a focus on processes, people and their
training, philosophy and facilities. Extensive use is made of CAD tools. MAP II (manufacturer’s
automation protocol) is used to run the factory.
Much of the Loral’s R&D is customer needs driven. At present, customers are requesting higher
performance satellites with an increased number of transponders and with higher total power. Such requests
are driven by the growing need for satellites for DBS and the burgeoning high speed data market. Power
onboard satellites has been progressing in an orderly fashion from 1 kW in the mid 1970s to 10 kW in
currently delivered high powered satellites, i.e., a factor of 10 increase in power over two decades. Loral is
working on new satellite designs that will enable it to offer upwards of 20 kW within the next five years.
During our discussion, the interesting point was made that satellite power had doubled, and continues to
double, every six years.
This enables ground station diameter to shrink by half every three years, and encourages the number of
ground stations in use to double every year.
There is no doubt that this trend represents a technology enabler leading to the increased use of satellite
dishes by small business and consumers at home, and is an important factor in the growth of the satellite
business. Much of Loral’s program to develop high powered satellites is based on the following:
•
•

•

•

radiating more heat
− heat dissipation is key to producing high powered satellites
operate some components at higher temperatures
− increase thermal radiating area; use deployable heat pipes
− improve thermal efficiency of selected components
more efficient propulsion
− electric propulsion; system of choice is the RussianStationary Plasma Thruster (Hall Thruster), use
for N/S station keeping, Isp=1600 sec.
more efficient solar panels
− 6-8 panel building block
−

•

Black silicon cells, GaAs on Ge, cascade junction cells

− large, unfurlable, rolled up, solar arrays
power amplifiers
− Loral is relying on TWTA at C-band and above, phasing out of using SSPA. The new TWTAs are
more efficient and reliable than SSPAs and they can be linearized.

In response to the WTEC questionnaire, Loral provided the following responses:
•

leverage—what technologies hold the most promise?
− launch vehicles
−

electric propulsion
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•

Processes—how do we manage R&D?
− roadmaps
−

•

techno-economic analysis

− market assessment
resource allocation—near term development, longer range R&D, exploratory
− transfer to manufacturing
−

concurrent product development

−

qualification against generic standards (Omega)

•

− insertion program (Omega)
what is phased array program?
− 20 GHz transmit, dual beam, 37 elements

•

− 30 GHz receive phased array, with Cyberstar as the target
antennas?
− use shaped antennas; rely on vendors for large antennas

SATELLITE MANUFACTURING AND SERVICES
We toured Loral’s high bay area where we saw six satellites in various stages of assembly and test. The
Company has a compact antenna test range.
LS/C is a world class satellite manufacturing organization, with plans to expand into services. It has three
major service programs:
GlobalStar is a 48 LEO satellite constellation that will start providing global, mobile communications
service in late 1998.
CyberStar has been proposed to meet the demand for broadband services, especially in those regions of the
world that lack a communications infrastructure. It will be integrated seamlessly into the terrestrial network.
In addition to broadcast data distribution, it will provide broadband access to homes and businesses by a
combination of LEO and GEO satellites, featuring intersatellite links. CyberStar will be built on the
GlobalStar business model with strategic partners and investors, public financing and national franchises
with Loral being the general manager. Loral will test the market for broadband services with CyberLink,
which will be based on the use of transponders on existing satellites.
Loral Skynet, which was acquired from AT&T in early 1997, provides domestic satellite service using its
four active GEO satellites, two at C-band and two at C/Ku-band with three C/Ku-band satellites in various
stages of manufacture. These satellites are controlled from a facility located in Hawley, PA.
Loral has also formed a joint venture company called International Space Technology, Inc., with the Russian
organization FAKEL and RIAME, to develop, market and be the exclusive distributor of electric propulsion
systems. These thrusters will feature the FAKEL stationary plasma thruster (SPT) integrated with the SS/Ldeveloped power processing unit.
COMMENTS
Loral is a world class designer and manufacturer of satellites, with the capability of developing its own new
technology or acquiring it through strategic partnerships. Its management views high launch costs as a
problem that needs to be solved to increase the deployment rate of communications satellites. Loral has been
growing its business by acquiring and developing new services that are dependent on its own satellites.
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Site:

Spar Aerospace
21025 Trans Canada Highway
Ste. Anne de Bellevue, Quebec H9X 3R2, Canada
http://www.spar.ca

Date visited:

May 6, 1997

WTEC:

W.T. Brandon (report author), C. Bostian, K. Bhasin, A. Mac Rae

Hosts:

Peter Garland
Peter Takats
Steve Hatzigeorgiou, Manager, Communications Systems Engineering
Vahe Keresteciyan
Luis Martins Camelo
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BACKGROUND
Spar is Canada’s largest space company with 2,500 employees and $594 million in sales. Spar is organized
into four major business sectors (% in sales): Aviation and Defense (17%), Communications (37%),
Informatics, and Space (43%). Because of the size of the space and communications activities, satellite
communications is estimated to comprise over half the total company activity.
While organized to be Canada’s prime satellite contractor, Spar has more typically served as a payload
integrator. The company buys buses from all of the major manufacturers, produces the payload, and
performs assembly, integration, and test (AIT). Spar is transitioning from MSAT and RADARSAT towards
Ka-band satellite communications and other applications. Spar is currently integrating INDOSTAR for
OSC.
Product areas within the sphere of satellite communications include the following:
Antennas

Rf Products

Communications Systems

Advanced Communications Systems

Digital Products

Remote Sensing Systems

Systems Assembly, Integration, and Test (AIT)
CANADA ADVANCED SATELLITE PROGRAM
Definition is proceeding of a Ka-band multimedia satellite system, originally envisioned for Canada only,
and now planned as a North American regional satellite. Spar is leading the systems engineering work for
this program, including analysis of packet switching in a mobile multimedia environment.
RESEARCH AND DEVELOPMENT ACTIVITIES
Antennas
Spar has been an innovation leader for over thirty years and builds many kinds of spacecraft antennas from
L-band to Ka-band. Satellite antennas have been delivered to Hughes, Lockheed Martin, Matra and
Aerospatiale. Spar leads in high power feed technologyin building antennas with low passive
intermodulation (PIM) and high multipactor thresholds. Designing for low PIM is difficult and based on
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experience. Spar has produced PIM-free sun shields and blankets. Spar is working with Hughes on space
deployable “Astromesh” antennas in the 7 to 10 m size range (7 m to 21 m at L-band).
Spar is working on phased arrays. Low cost phased arrays or other tracking antennas are not required for
Canadian GEO services, even in the Arctic. Spar has done some work on mechanically steered phased
arrays to support wideband mobile systems.
Spar was the prime contractor for Radarsat, which has a phased array, electronically steered in one plane by
an 8-bit phase shifter.
Efficiency in the electronics is the key to phased array antennas (i.e., problem of power management or DC
to rf conversion efficiency). Beam forming is another important problem and multiple spot beams make the
phased array design very difficult. Multibeam antennas introduce reliability problems when each beam is
produced by different equipment.
Spar worked on phased arrays with optical beam forming techniques after exhausting other approaches.
With continuing interest, Spar has collaborated with a McGill University department specializing in optical
techniques. Optical antenna technology is certainly useful in terms of mass and power.
Spar is not working with any one prime contractor on Ka-band antennas. But all the primes are aware of
Spar and its capabilities. Some U.S. firms may have an advantage over Spar because of a larger military
investment in phased arrays.
Each ODYSSEY spacecraft will have 91 beams.
production antennas.

Spar has built a prototype and hopes to build the

Rf Products
Spar has produced LNAs, SMTs, microwave hybrids and power amplifiers. Spar buys FETs and HEMPTs
from Japan and MMICs from the United States. There are only two foundries for radiation hardened
semiconductors in North America.
Spar achievements in power amplifiers (PA) include 11 W for ANIK-E and 80 W peak, 40 W average for
M-sat. Currently Spar is not in the PA development business. Japan is their main source for PAs in recent
programs.
Improved rf power transistors with higher efficiency and lower cost, and more power at increasing
frequencies, are needed. At Ku-band (and above) TWTs still dominate.
Onboard Processing (OBP)
Spar hosts observed that ground sophistication, such as TDMA, migrates to space; hence networking and
processing are important to future space communications. Spar has broad knowledge of OBP but
concentrates on digital products for OBP that go into the air interface. In other words, it concentrates on
demultiplexers, demodulators, and uplink access scheduling (demand assignment). A breadboard of a fast
packet switch has been constructed, but is not going into the ASIC development that would be required for
flight. The OBP system output would interface to a standard ATM switch.
Spar engineers are interested in baseband processing by digital techniques. This is most important for fast
packet switching. They are not interested in X.25 (low-speed messaging) or in circuit switching. They
described the latter as an Iridium technique. (Spar used fast packet switching as a generic term that includes
ATM.)
Spar is working on a terminal that will work with a bent-pipe transponder but which will also work with later
spacecraft that have onboard processing.
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Spar has developed a protocol for medium access control (MAC) and is working on a satellite test bed.
MARKET ISSUES AND OBSERVATIONS
We discussed MSATs and AMSCs lack of rapid growth. In part this is thought to be due to cellular
penetration happening quicker than anticipated. Also, customers know that Iridium, Globalstar, et al., are
coming, and will offer handheld terminals.
The current high cost of MSATs is a negative factor. The cost started at $5,000 and may now be about
$2,500 (Westinghouse terminal), but people don’t want to pay this for a mobile terminal for a “cellular-like
capability.” The perception of what terminals should cost is based on cellular telephone costs. Regarding a
double hop, this has been experienced for many years in Canada and Alaska and it was noted that users
learned “not to interrupt each other.”
Concerning proposed systems, our hosts indicated that “these global systems have their possibilities, but not
at any price.”
There is a breakpoint at which satellite communications staves off investment in terrestrial infrastructure. If
you go beyond that price or beyond that time, terrestrial infrastructure gets built and then opportunities for
satellites become rather limited. The terminal price breakpoint is about $1,000 for Ka-band systems. If
these are deployed around the year 2000 at this price then competing terrestrial systems may not be
deployed.
There is no one killer application for Ka-band but perhaps a collection of applications. These include high
speed Internet access and personal desktop video conferencing (at the right price).
While mainly interested only in ATM and switched services, the telephone companies are finally
recognizing that the Internet is here to stay and must be serviced.
The first services for Ka-band will be highly asymmetric. The Europeans are already looking at Ka-band
return links for Internet services using a DBS Ku-band downlink. The first will offer 384 kbps back to the
hub through a simple repeater on the satellite. It will be implemented using the EUTELSAT HOTBIRD
(Ku-band) satellite, which is collocated with an Italian Ka-band satellite.
Digital broadcast video (DVB) and other video-based services are coming. The downlink DVB standard
will depend on the forward rate available to the user. The return link will involve trading off the cost of the
terminal, transponder characteristics, etc. Spar sees 2 W as the practical upper limit for Ka-band terminal rf
power for these applications. The standards will also be determined by the characteristics of IP carried over
ATM.
At the design level, Spar is studying optimum implementation of ATM over satellites. It is not going into
network management. IP version 6 was mentioned several times, as was the notion that “wireless access” in
an ATM environment requires an effort.
The LEO satellite people have not considered digital aspects such as statistical multiplexers, cost of
terminals, or OBP; rather the emphasis is on “finance.”
The Ka-band filers are changing their architectures in response to changing plans for services. Perhaps the
Ka-band FCC filings were assembled by consultants to meet the FCC deadline without the needed systems
engineering having been done.
The Ka-band systems are going to have to cope with busy traffic in a multibeam environment. Flexibly
distributing power and bandwidth over a wide area is going to require integrating the rf system with onboard
processing.
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The evolution of DVB was discussed. Phone companies will make short term use of DVB via ATM. There
is a question of whether residential or business markets will prevail. If desktop video conferencing becomes
popular in business, it will generate demand for Ka-band satellite systems. Success of a “citizens band”
video in Europe was noted. This allows transmitting home video to relatives, and a satellite version would
expand the residential market. Multi-casting (e.g., to multiple business sites or distributed relatives) reduces
asymmetry (contrasted to Microsoft’s view of symmetry as “peer to peer”).
The major contribution of ACTS may be the propagation experiments. ACTS provides the opportunity to
run live experiments while simultaneously measuring the propagation effects. The Crane model is accurate
for heavy rain but underpredicts losses in light rain. Clouds, mist, and water film on the antenna all have
more effect than anticipated.
OBSERVATIONS OF REQUIRED TECHNOLOGIES
The discussion ended with a listing of new technology requirements for envisioned future systems:
Satellite digital front end; digital beam forming; solution to heat dissipation problems in communications
payloads; elimination of electrostatic discharge; improved attitude stabilization for controlling beams smaller
than 0.25o; lighter materials insensitive to thermal distortion; different fading statistics accounted for in
communications processor; lens antennas.
REFERENCES
Spar. Annual Report. 1996. 53 pp.
____. Antennas: Design, Manufacturing, Testing, Implementation. 6 pp. [A history of innovation from the 1973 RCA
Satcom 1 dual polarization antennas; L through Kuband design, development, test, shaped reflector, phased array
and recofigurable antennas].
____. Digital: Design, Manufacturing, Testing, Implementation. 6 pp. [Design, manufacture, test and programming of
space qualified digital processors].
____. Media Backgrounder. 80 pp., n.d.; 12 short papers on the company, its organizations and products [Shuttle Remote
Manipulator System, Light Duty Utility Arm (hazardous waste derivative of SRMS); Mobile Servicing System,
Antenna Contingency System, and Space to Ground Antenna System for International Space Station; high gain
satellite antenna for the Earth Observation System; MSAT; Radarsat; and SARSAT].
____. Radarsat: Design, Implementation, Assembly, Testing. 6 pp. [The first Canadian remote sensing satellite features a
Synthetic Aperture Radar instrument capable of 9 m x 8 m resolution in the fine resolution mode and a number of
unprecedented features; exercise in prime contracting, payload development, integration and test].
____. Thin Film: Design, Processsing, Assembly, Testing. 6 pp. [Wide ranging design and foundry through test of
MHMIC and other devices to space quality].
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Site:

Teledesic Corporation/Boeing Defense & Space Group
2300 Carillon Point
Kirkland, WA 98033
http://www.teledesic.com

Date Visited:

June 27, 1997

WTEC:

K. Bhasin (report author), C. Mahle, S. Townes

Hosts:

John D. Wolf, Executive Vice President and Program Manager, Teledesic Corp.
Phyllis Morris, Customer Relations, Boeing Business Development
Kevin L. Crawford, Manager, Teledesic - Boeing Business Development
Dave L. Ryan, Vice President, Teledesic Initiative, Boeing Commercial Space
Company
Amy Sayre, Manager, Commercial Space IMT - Boeing Business Development
Luis Figueroa, Director RF and Optical Systems - Boeing Research and Technology
Engineering
Jim A. Hartung, Teledesic Systems IPT Leader
Jim L. Freeman, Teledesic IPT Leader -Boeing Phased Arrays
Richard B. Hall, Chief Scientist and Technical Fellow - Boeing Engineering
John W. Moore, Advanced Project Structures IPT Leader – Boeing Engineering
Marie-Jose Montpetit, Senior Network Engineer Teledesic Corporation
Warren P. Snapp, Manager, Solid State Electronics Development - Boeing Research
and Technology Engineer
K. Norm Beougher, Teledesic Systems Integration AIT - Boeing
Ira J. Clue, Teledesic Propulsion IPT Leader - Boeing
Amy Buhring, Manager, Space Transportation IMT - Boeing Business Development
Daniel M. Kohn, Marketing Manager - Teledesic Corporation

BACKGROUND
Teledesic was founded in 1990 and is headquartered in Kirkland, Washington, a suburb of Seattle.
Teledesic’s principal shareholders are Craig O. McCaw and William H. Gates III. Mr. McCaw, who leads
the company as its Chairman, is the founder of McCaw Cellular Communications, which he built into the
world’s largest wireless communications company before its 1994 merger with AT&T. Mr. Gates is the cofounder, Chairman and CEO of Microsoft Corporation, the world’s largest computer software company.
At the 1995 World Radio Conference, Teledesic received support from the developed and developing world
alike, resulting in a new international satellite service designation for the frequencies necessary to
accommodate the Teledesic Network. The action of the World Radio Conference mirrors Teledesic’s
success in obtaining a similar designation from the U.S. Federal Communications Commission (FCC). In
March 1997, the FCC licensed Teledesic to build, launch, and operate the Teledesic Network.
In April 1997, Teledesic Inc. awarded Boeing Company, a $9 billion contract to coordinate the building of
Teledesic system. Boeing also committed to capital investment in the project. In addition to bringing
advanced space technologies, Boeing has extensive experience in management of complex projects.
Boeing Commercial Space Company was established in 1995 as a subsidiary of Boeing Company. The
markets in the area of distance learning and airplane informational networks are being addressed. The
applications are based on use of satellite communications.
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THE TELEDESIC NETWORK
Teledesic plans to begin service in the year 2002. Teledesic does not plan to market services directly to endusers. Rather, it will provide an open network for the delivery of such services by others. The Teledesic
Network will enable local telephone companies and government authorities in host countries to extend their
networks, both in terms of geographic scope and in the kinds of services they can offer. Ground-based
gateways will enable service providers to offer seamless links to other wireline and wireless networks.
Teledesic uses small, "earth-fixed" cells both for efficient spectrum utilization and to respect countries’
territorial boundaries. Within a 53 by 53 km cell, the network will be able to accommodate over 1,800
simultaneous 16 kbps voice channels, 14 simultaneous E-1 (2 Mbps) channels, or any comparable
combination of channel bandwidths. The Teledesic Network is designed to support a peak capacity of
1,000,000 full-duplex E-1 connections, and a sustained capacity sufficient to support millions of
simultaneous users. The network scales gracefully to much higher capacity by adding additional satellites.
The network offers high capacity "bandwidth-on-demand" through standard user terminals. Channel
bandwidths are assigned dynamically and asymmetrically, and range from a minimum of 16 kbps up to 2
Mbps on the uplink, and up to 28 Mbps on the downlink. Teledesic will also be able to provide a smaller
number of high-rate channels at 155 Mbps to 1.2 Gbps for gateway connections and users with special
needs. The low orbit and high frequency (30 GHz uplink/20 GHz downlink) allow the use of small, lowpower terminals and antennas, with a cost comparable to that of a notebook computer.
Teledesic’s engineering effort builds on previous work done in many advanced commercial and government
satellite programs, and was assisted by several government laboratories. The Teledesic system utilizes
proven technology and experience from many U.S. defense programs, including the "Brilliant Pebbles"
program, which was conceived as a similar orbiting global constellation of 1,000 small, advanced, semiautonomous, interconnected satellites. Since 1990, Teledesic has drawn on the expertise of the contractors
on that and many other programs for input into the early system design activities.
Design, construction, and deployment costs of the Teledesic Network are estimated at $9 billion. The
Teledesic Network represents the first time that satellites and their associated subsystems will be designed
and built in quantities large enough to be mass produced and tested. These substantial economies of scale
enable a cost structure comparable to that of wireline service in advanced urban areas.
RESEARCH AND DEVELOPMENT ACTIVITIES
Power Technology
Cost target for power systems for the Teledesic system are very challenging. Si-based solar cell array and
Li-ion batteries are considered as a baseline. Modular and scaleable designs are being planned. The solar
arrays are expected to produce 3 to 5 kW minimum power for system voltage of 80 to 120 V.
Phased Array Antennas for Satellite Communications
The emphasis is on developing low cost active phased arrays for space as well as ground applications.
Sixteen element active arrays at 20 GHz using low cost techniques have been demonstrated. Active
elements were fabricated using large size GaAs wafers at four foundries. There is also effort in the area of
optically controlled phased arrays.
Optical Technologies
Optical technologies for intersatellite links (ISL) are being developed, and Boeing R&D has strong
background in this area. The effort is on establishing the reliability performance of the optical components
and the effect of in-flight environment on the ISL optical system.
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Fiber optic module technology for the spacecraft data bus is also being developed. Better than 400 Mbps
data rates for the bus have been achieved for space applications. Error rates for the photonic space system
have been established.
Research and development work is also taking place on the development of microwave photonics to enhance
the performance of microwave subsystems on the spacecraft. An analog optoelectronic switch and wideband
optical receiver have been developed. Although optical control of phased arrays is being explored, it is still
not a possibility. Cost is one of the major factors.
Network Architecture and Simulation
Connection oriented network architecture is being developed for the proposed system. Satellites will be used
in a switch mode with eight nodes of ISLs. A network simulation testbed has been developed to study the
dynamic reallocation and optimize the network performance. A connectionless IP-based, ATM network is
also being studied.
Radiation Hardened ASICs and MMIC Technologies
The approach to development of ASIC and MMIC technology is to advance the state-of-the-art in design
tools at the Boeing Design Center. The chips are then fabricated in various foundries on variety of
semiconductor substrates. Low-cost, radiation-hardened fast ASICs chips are being developed. MMICs
operating at 44 GHz frequencies have been demonstrated.
Manufacturing Technologies
Advanced manufacturing software tools are developed and used to streamline the satellite manufacturing
process. The process is to break down the satellite manufacturing cycle into the smallest easily manageable
steps. Advanced simulation tools are also being developed for design and manufacturing of satellites.
Significant emphasis is placed on quality and reliability issues.
Sea Launch Project
Boeing is developing sea launch capabilities. Boeing is the integrator of the project, K.B. Yuzhnoye/P.O.
Yuzhmash (Ukraine) is building the Zenit two-stage rocket, which uses a Block DM upper stage from RSC
Energia (Russia), and Kaerner Martime a.s. (Norway) is building the floating platform for lift off. The
floating launch platform will be located in the South Pacific about 200 miles east of Christmas Island and
1,000 miles southeast of Hawaii. It will launch satellites weighing up to 500 kg to launch in GEO orbit. The
team plans to reduce launch costs by combining and applying existing technologies to develop sea launch
capabilities for commercial satellite providers. First test launch with a simulated payload is scheduled for
March 1998.
CONCLUSIONS
Teledesic Inc. plans to launch its first satellite in the year 2000 and complete the constellation in 2002.
Boeing will be the integrator, developer and technology provider for the proposed Teledesic system. Boeing
not only brings its expertise of integrating large systems in a timely and cost effective manner, but it is also a
developer of advance spacecraft and launch technologies needed for the current and next-generation satellite
systems. However, the challenge of deploying the proposed Teledesic system remains.
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SUMMARY OF POLICY SITE VISIT REPORTS
A number of sites were visited by team members to identify key policy issues and concerns. The following
consolidated report on all of these specialized site visits is reported on in this section.

Site:

Aerospace Corp.
2350 El Segundo Blvd.
P.O. Box 92957-M8/219
Los Angeles, CA 90009-2957
(310) 336-3370 (Tel) and (310) 336-3606

Hosts:

Stephen Burrin, General Manager
Nathaniel "Ned" Feldman, Senior Engineering Specialist
Marsha V. Weiskopf, Project Engineer
Donald Moore, Project Engineer
Alex Kavetsky, SMC Spectrum Manager
Nat Bhaskar, Project Engineer

Site:

Boeing Defense and Space Group
12214 Lakewood Blvd.
MS AD-21
Downey, CA 90242-2693
(562) 922-1901 (Tel) and (562) 922-5822 (Fax)
E-mail: charlesl.gould@boeing.com

Hosts:

Charles Gould, Chief Engineer, Advanced Programs Engineering
John Kozai, International Satellites, Space Systems Division
Wally McClure, Strategic and Business Analysis, Space Systems Division
Jai Bhaguran, Principal Engineering Specialist, Space Systems

Site:

FCC
2000 M Street, N.W.
Suite 811
Washington, D.C. 20554
(202) 418-0735 (Tel) and (202) 418-0748 (Fax)
E-mail: ttyzc@fcc.gov

Hosts:

Tom Tycz, Chief Satellite and Radio Communications Div.
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Site:

Hughes Communications
1500 Hughes Way
P.O. Box 9712
Long Beach, CA 90810-9929
(310) 525-5358 (Tel.) and (310) 525-5031 (fax)
E-mail: mtnfitch@ccgate.hac.com

Hosts:

Michael Fitch, Vice President, Regulatory Affairs and Spectrum
Management
Raul Rey, Director of Regulatory Affairs and Spectrum Management

Site:

Iridium
1401 H Street, N.W.
Suite 800
Washington, DC 20005
(202) 326-5795 (202) 842-00006 (Fax)
E-mail: patricia_mahoney@iridium.com

Hosts:

William English
Pat Mahoney

Site:

JPL
4800 Oak Grove Drive
Pasadena, CA 91109-8099
(818) 354-2275
E-mail: Polly@zorba.jpl.nasa.gov

Hosts:

Stephen Townes, Deputy Manager, Communications Systems and Research Section
Polly Estabrook, Supervisor, Advanced Communications Concepts
Tom Gedrey, ACTS and Mobile Satellite Communications Programs

Site:

Lockheed Martin

Hosts:

Ronald Paulson, V.P.

Site:

NASA Headquarters
Code M-3
Washington, DC 20546
(202) 358-2024 or (202) 358-2020
E-mail: david.harris@hg.nasa.gov or dstruba@hq.nasa.gov

Hosts:

David Harris (JPL), Deputy Associate Administrator, Space Communications
David Struba (JPL), Chief, Spectrum Management
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Site:

NTIA
Department of Commerce
14th and Constitution Ave
Washington, DC 20230

Hosts:

Jack Gleason, Office of International Affairs
William Hatch, Office of Spectrum Management

Summary of Key Issues and Policy Concerns
The consolidated list of issues and major comments received from all of the above visits are provided below.
Neither resources nor time allocated to this study were sufficient to address each of these topics within this
report, but the various site visits the panel conducted around the world did confirm that there are global
concerns and support for many of this issues recorded below. In particular the global site visits documented
that there is broad interest in such issues as: (a) increasing global spectrum allocations for satellite networks,
(b) increased activities to create seamless standards for interconnection of satellites with terrestrial wireless
and fiber networks; (c) the need to track the conversion of satellite markets from GEO to LEO and MEO
systems and from VSAT to USAT systems; (d) the increasing importance of security and privacy; (e) the
need for further institutional reforms with regard to INTELSAT, Inmarsat and the ITU among others, and the
need for new procedures related to so-called “paper satellites.” In short, the list of issues recorded below
with regard to U.S. commercial and governmental sites were validated in terms of being of parallel concern
in most other sites visited around the world.
The issues raised in these U.S. site visits are as follows:
•

Importance of security, privacy, fraud, authentication, and encryption.

•

Seamless interconnection of satellite, wireless and cable systems not only in terms of multiplexing, but
also packetization, overheads in broadband ISDN, delay or latency, etc.

•

Ground segment and market trends with regard to small, mobile, compact, low-cost, interactive and
"smart" units, i.e., ultra small aperture terminal (USAT) micro-terminals.

•

New gateways or interfaces into the home via either multiple access points or a consolidated consumer
electronics bus. (In short, will satellites have direct or indirect access and how will this vary around the
world?).

•

Clear identification of digital audio broadcast and especially Ka-band high data rate interactive services
directly to the customer as new satellite market options.

•

Additional information as to whether governments or regional groups such as the European Union are
indeed moving toward less regulation and market and pricing control, but also perceiving the need for
more standardization and economic controls or penalties against "abusers" of broad guidelines on
spectrum use, etc.

•

International dispute resolution procedures or mechanisms such as those related to interfering uses of
common or adjacent frequencies, damage due to break-up of satellites or other traceable orbital debris.

•

The relative priority and operating procedures affecting GEO versus MEO and LEO satellite systems as
well as information concerning satellite versus terrestrial systems such as LMDS versus Ka-band
satellite systems.

•

Vulnerability of broadband global and national telecommunications to failure or sabotage and the more
effective use of satellites to mitigate that risk.

•

The growing cost and complexity of security in advanced telecommunications systems and how satellite
systems can best adapt and progress within this new environment.
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•

The best strategies for developing new, seamless standards, protocols and approaches to seamlessly
interconnecting satellite systems of various types as well as satellites to fiber and wireless
telecommunications systems.

•

Use of economic incentives or forfeiture of posted bonds to reduce the use of "paper satellite" filings,
interference with other systems, or creation of space hazards or debris. (This would be an extension of
the application of Resolution 18 type procedures to additional areas of concerns related to satellite
operations.)

•

Updated or expanded information concerning satellite or wireless systems operation in terms of potential
bio-hazards and test results concerning harmful levels of irradiated energy.

•

Market trends with regard to higher data rate, multimedia services and applications including virtual
reality, 3D displays, and related developments in digital processing to offer these services at lower
speeds or technology or systems that would reduce the cost of these new high-end applications.

•

All aspects of frequency allocations issues including information about potential plans for spectrum
auctioning, improved concepts for frequency sharing, more effective means of spectrum use including
frequencies in the millimeter wave band and even above.

•

The feasibility of more multipurpose/multi-service allocations with more sharing of spectrum with
mitigation strategies.

•

Whether there may be a need for future allocation and use procedures in such areas as infrared or even
the visible light spectrum were cited as examples of areas that might expose "out side of the box"
thinking. Mitigation of interference strategies, frequency auctioning, enhanced sharing, and standards to
allow integration of satellites, wireless and fiber systems were noted as being of special interest.

•

International institutional regulatory reform and streamlining such as accelerated publishing of
intersystem coordination information of systems filed with the ITU, progress on ITU-2000, GM-PCS,
etc.

•

Ways to achieve better parity in the disclosure of information about U.S. satellite systems as opposed to
early and clear disclosure of information about other international systems, including whether ITU
screening periods on such filings could be reduced.

•

Trends toward the more coherent or more chaotic patterns of global allocations of new frequencies
above 30 GHz and international attitudes and opinions on this subject.

•

Information concerning trends to allow more coherent national policies with respect to satellite systems
such as in the granting of landing rights and licensing. Also information about whether there might be
progress toward unified regulatory approaches rather than dividing policies among different
governmental or regulatory units addressing trade, customs policy, standards, tariffs, etc. on a piecemeal
and separate basis.

•

Assessments of the degree to which national governments have a longer range approach to spectrum
planning and management.

•

Assessments as to the relative role and priorities with respect to terrestrial versus satellite concerns in
regard to both future spectrum allocations and new standards development.

•

Global attitudes with respect to moving toward broader and multi-purpose allocations of frequencies in
broader blocks such as now possible in terrestrial systems without regulatory constraint. (In this respect
updated information concerning technological progress toward improved mitigation methods to allow
improved sharing between satellite and terrestrial systems and among and between different satellite
systems and different orbits was considered highly desirable.)

•

Information concerning financial controls, economic incentives, posting of bonds as a regulatory
control, and plans relating to frequency auctioning or systematic approaches to licensing for national
operation by international carriers.

•

Are there any plans in any country to move to the allocation, allotment or assignment of frequencies in
infrared, light waves or other spectra above radio waves and if so how might this be accomplished as
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practical as well as formal process? Are there precedents that might be helpful in looking to this future
issue?
•

If existing digital compression systems to provide voice at 2.4 or 4.8 kbps are found inadequate in actual
commercial operation, what solutions are there and are they economic and tariff-based or are they
dependent on new technology and standards? More fundamentally, are the new MSS systems truly
going to be viable in the market and what new innovations or concepts or regulatory actions could help?

•

Should issues of latency and delay be considered standards issues, market/financial/service issues or
technology issues (i.e., the SKIPS program as developed at JPL)?

•

The issue of "paper satellite" filings and brokering of orbital locations or frequency
assignment/allotments was noted to be of interest, including information with regard to the concept of
posted bonds against performance (i.e., Resolution 18 of the ITU). It was noted that the disincentives
and constraints to new market entry for start-up organizations posed by such a posted bond program was
of considerable concern with regard to such an approach.

•

What specific ITU initiatives toward reform beyond ITU-2000 and GM-PCS can be anticipated and are
constraints in this regard as much embedded in national governmental policies as those of the ITU
itself?

•

Assessments as to whether non-governmental forces such as lending by investment bankers and location
decisions with regard to corporate offices will impact the rate and extent of regulatory reform and
competition, particularly in Europe.

•

A relative assessment of the role, effectiveness and need for change in regional standards making groups
such as ANSI, ETSI and the TTT Committee of Japan.

•

An assessment of the extent to which direct to the user and bypass services will actually become
possible in various regions of the world and the constraints that are likely to remain especially with
regard to new Ka-band high data rate multimedia satellites.

•

The most complete information about economic measures and financial controls such as with respect to
frequency auctions, posting of bonds with filings (i.e., Resolution 18), and uniform or non-uniform
approaches to national landing rights and licensing policies.
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Country:

Instituto Nacional De Pesquisas Espaciais (INPE)
National Institute of Space Research
Ministry of Science and Technology
Avenida dos Astronautas No. 1758
12227-010 São Jose dos Campos, SP Brazil
http://www.inpe.br

WTEC:

Ramon P. DePaula (report author), Joseph N. Pelton

Hosts:

Decio Castilho Ceballos
Program Manager ECO-8

BACKGROUND ON THE BRAZILIAN SPACE PROGRAM
Brazil created the Brazilian Space Agency (AEB) in 1994. The AEB has been coordinating all space
activities in Brazil, including an indigenous space program, as a branch of the presidential office. The AEB
goals are to establish a national space policy and space program, oversee their execution, and advise the
president in this important area.
The space program, started in 1977, is being conducted to develop satellites, launch vehicles and a launching
base in a strategic position near of the equator. The objective of this program is develop or induce the
development of missions tailored to the country particularities and also take advantage of these missions, by
developing expertise, internalizing the investments, developing the Brazilian space industries, and allowing
national companies to explore space business opportunities. The industrial development policy is directed to
both developing indigenous technologies and stimulating joint ventures witht foreign and local companies.
The program includes the following major missions or projects:
MECB PROGRAM
The Brazilian Complete Space Mission (MECB) was approved in 1979, with an initial goal of design,
development, launching and operation of four small size low-orbit data collecting satellite (SCDs) and
remote sensing satellites (SSRs), including the ground facilities and a laboratory for integration and testing;
design, development and construction of a satellite launching vehicle (VLS); design and implementation of a
launch center at Alcântara (CLA). The program was expanded and its past and future programmed launches
are: SCD1 (1993), SCD2 (1996), SCD2A (1997), SCD3 (1998), SSR1 (1998)
The MECB is a broad program intending to develop the whole cycle of space technology, from the
development of a launch capability to satellite operation and data reception and use.
Main Goals of the MECB Program
1.

To develop human resources and related infrastructure as to enhance space activities in Brazil

2.

To call for partnership with industry in the task of developing space technology

1

Editor’s note: the WTEC panel was unable to visit these countries. Information in this section was gathered from
secondary sources.
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3.

To develop satellites with applications related to specific Brazilian needs (including those of interest to
low-latitude regions worldwide).

4.

To engage Brazil in international space programs

The proven importance of satellite applications in Brazil has led to the development of satellite technology.
INPE’s efforts in this area are aimed at expanding the technical capability required for the advancement of the
Brazilian space program. This includes the development of satellites and space systems.
INPE has designed and built for MECB the SCD1 satellite, which has been in orbit since early 1993
dedicated to a data collecting mission.
Four other MECB satellites are at various stages of design, manufacture, testing or preparation for launch.
The SCD2 and SCD3 satellites are planned also for data collecting missions. The SCD3 has an additional
mission of experimental equatorial telecommunications. The SSR1 and SSR2 satellites are similar and are
both planned for remote sensing mission.
The SCD3 Satellite is a data collecting satellite with an experimental communications payload and has the
following technical features:
•

dimensions: 0.70 m x 0.70 m x 1.30m

•

total mass: 180 kg

•

electrical power: 150 W

•

structure: aluminum sandwich panels

•

three axis stabilization

•

passive thermal control

•

transponder for mobile communication

•

active phased array multi beam antennas in L and S-bands for communication with terminals

•

C-band feeder links for communications with gateway stations

•

data collecting transponder UHF/S-band and UHF

•

750 km circular orbit, equatorial

Scheduled to be launched in the end of 1998, the SCD2 satellite will take over data relay activity and will
serve as a testbed for an equatorial communication system.
INPE is also responsible for ground facilities for tracking and control and for data processing. The
development of the Brazilian launch vehicle (VLS), and the launch base at Alcântara, in Maranhao, are under
the responsibility of the Ministry of Aeronautics.
Most of the subsystems for the MECB satellites have been developed by INPE with a growing participation
of Brazilian industry. With the purpose of providing the necessary facilities for satellite assembly,
integration, and tests, INPE has set up an Integration and Tests Laboratory (LIT), also available for general
industrial application.
FURTHER SATELLITE ACTIVITIES
The China-Brazil Earth Resources Satellites (CBERS) are designed with the following goals in mind:
•

worldwide operational remote sensing and data collection services

•

scientific and technological experiments

•

launching in 1997 (CBERS1)

•

2 satellites scheduled and other 2 subject to approval

The Scientific Satellite (SACI) is designed to achieve the following:
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•

geophysical scientific experiments

•

CBERS secondary launch in 1997
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The ECO-8/ECCO system involving INPE, AEB, TELEBRÁS in a joint venture with international
companies is intended to provide the following:
•

unique capabilities on mobile and fixed low orbit communications for tropical countries

•

launching of 10 to 12 satellites in 1999 and 2000

SUMMARY OF STRENGTHS OF THE BRAZILIAN AEROSPACE INDUSTRY
•

satellite and aircraft structures

•

composite materials

•

satellite thermal design and control

•

onboard data handling

•

power supply electronics

•

solar panels

•

satellite service transponders

•

satellite single box telecommunication transponder

•

solar, magnetic, and horizon sensors

•

monopropellant hydrazine thrusters

•

satellite systems design

•

TT&C space and ground equipment

•

orbit and attitude control software

INPE, as part of the Ministry of Science and Technology, jointly with industry is carrying out all the above
activities for the Brazilian Space Agency (AEB). A history of INPE follows.
INPE HISTORY
In 1991, the National Institute of Space Research (INPE) turned 30 years old. The institution was born on
August 3, 1961, with the name of Group of Organization of the National Commission of Space Activities,
(GOCNAE). Its initial objectives were the formation of high level personnel and the development of
activities in the area of radioastronomy, optical astronomy, optical tracking of artificial satellites and satellite
communications.
The GOCNAE was renamed Institute of Space Research in 1971. The Brazilian Commission of Space
Activities (COBAE) was also formed in this year, with the mission of directing the goals of the Brazilian
space program.
The current name, National Institute of Space Research, was adopted in October 1990. Based in São José
dos Campos, where there already was the Technical Aerospace Center (CTA) of the Brazilian Air Force,
with the Technical Institute of Aeronautics (ITA), in 1997 INPE had a staff of 1,600 people. Besides the
headquarters in São José dos Campos, INPE has research and development facilities at Cachoeira Paulista
(SP), Atibaia (SP), Cuiabá (MT), Natal (RN), Alcântara (MA) and Fortaleza (CE). INPE maintains graduate
courses in fields related to space activities, and has graduated hundreds of masters and doctoral students.
Today, the INPE carries out important activities in the interest of the country and the world, such as the
monitoring of the Amazon rainforest and the development of artificial satellites, either INPE's own or in
cooperation with other countries, like CBERS, a joint development with the Peoples' Republic of China.
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INPE has been active in the area of satellite communications R&D for some thirty years. This began with
cooperative programs with NASA in such activities as the Applications Technology Satellite (ATS-6) and
the Communications Technology Satellite program (the joint U.S. and Canadian satellite). In both cases the
Brazilian experiments involve small aperture antennas to be used in rural and remote areas such as Manaus to
work with the high EIRPs of the ATS-6 and CTS satellites. Brazil was an early member of INTELSAT and
EMBRATEL used INTELSAT capacity not only for international connection, but also leased capacity that
was used by the Brazilian long distance operator, TELEBRAS, for connection to remote regional centers.
On February 9, 1993 INPE put the SCD-1 into orbit. This was the first Brazilian satellite, designed and built
by INPE.
R&D ACTIVITIES
Currently INPE, in its extensive research campus facilities, is engaged in research in a wide range of
activities with a good deal of emphasis on satellite applications and particularly telecommunications and
remote sensing.
INPE in its early years concentrated on design of new types of antennas such as VSAT and other improved
transmission systems such as modems, codecs, and micro-terminals, but increasingly is also addressing space
communications payloads.
Over the last five years, INPE has sought to move to the design and deployment of satellites that are
appropriate to the needs of Brazil and equatorial countries. Notable in this respect is the INPE developed
concept of the ECO-8 satellite. This included the specific engineering and research for the ECO-8 satellite
system. This is a network of eight LEO satellites deployed in circular orbit above the equator such that each
satellite beam slightly overlaps so that one of the eight satellites is always overhead not only for Brazil, but
for all equatorial countries. This design allows broadband communications as well as voice and telephony to
be provided to any country in the equatorial region. This system has been filed with the ITU and is
scheduled for launch in 1999.
Brazil also has performed development efforts for mobile satellite systems (MSS) services through the ECO8 system. The ECO-8 has been combined with a private system named Constellation, and this combined
project has resulted in the ECCO program. The Equatorial Constellation Communications Organization
(ECCO) system is an equatorial constellation of satellites placed in circular orbit at 2,000 km height,
designed to provide mobile and fixed digital wireless full duplex telephony (voice, fax, data), two-way
message services, and point-to-multipoint special distribution facilities, to enhance mobile services capacity.
ECO-8 GENERAL DESCRIPTION
ECO-8 aims to provide cellular quality wireless fixed and mobile voice and data telecommunication services,
besides bi-directional pagers. The system was designed to fulfill the particular needs of the tropical zone,
characterized by remote and low density populated areas, where the main market drivers are associated with
the rural activities. When associated to local repeaters, it can be an ideal solution to providing
telecommunications for small villages in remote areas. The system also allows the location of any remote
terminal in operation, even if the terminal provides no location information.
Like terrestrial cellular, the ECO-8 system is interconnected with the existing fixed telecommunication
network, allowing worldwide access through the Public Switching Telephone Network (PSTN). ECO-8 can
also provide real-time connection with data collection platforms located anywhere in the tropical belt.
By appropriately placing various satellites in the same equatorial orbit, it is possible to guarantee that there is
always one satellite visible by a user in the equatorial belt covered. The initial configuration foresaw eight
satellites plus two for backup placed at 2,000 km altitude. The coverage encompasses most Brazilian
territory and parts of Australia, Africa and India, among others. The orbit altitude is sufficiently low to
permit the use of portable communications terminals, within the current legal and technical restrictions to
satellite and terminal power.
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The original project ECO-8 has been changed in several ways from the early phase. The new objectives were
reoriented for a commercial approach, international markets and joint ventures. TELEBRÁS assumed the
general business administration of the project and is working to internationalize the project in accordance
with AEB directives. In parallel, the Brazilian Space Agency (AEB) has the assignment to explore
opportunities to develop the indigenous space industry, launch site, launchers, integration and testing
laboratory and other space activities. It is expected that the partnership and industrial structure definitions
will be concluded in 1998.
MARKET
The ECO-8 system is aimed at serving the telecommunications needs of isolated localities and rural area
populations, in the so-called “Equatorial Belt,” that is primarily the area between the Tropics of Cancer and
Capricorn. In this area there are 90 countries with more than 25% of world population and a GNP of
$2.5 trillion.
Besides the rural market, ECO-8 will also serve other sectors like transportation, trading and industries in
regions where telephone services still do not reach. This market was not considered in cash flow simulations,
but a sensitivity analysis was performed to evaluate the impact of these, by changing other services and
analysis parameters, which states this market as a percentage of the main one, in the simulations.
SYSTEMS
The Space Segment
The space segment nominal configuration consists of 12 satellites, 11 operating and one for backup. The
satellites are maneuvered in order to keep the appropriated placement for continuous coverage, since the
system is able to work with only 10 satellites, with only a small reduction in traffic capacity. The satellites
contain the following subsystems: propulsion, structure, power supply, attitude and orbit control, thermal
control, telemetry and telecommand, onboard computer, and the payload which includes the transponders and
antennas operating in L, S and C-bands.
The Inbound and Outbound Links
The voice or data signals down or up link to the end users in L/S-bands respectively. The approximately
1,000 voice circuits are channeled in C-band to the gateways, which send and receive this information to and
from the PSTN.
THE TELEBRÁS, CCI JOINT VENTURE AND THE ECCO SYSTEM
TELEBRÁS, CCI, E-Systems, Bell Atlantic and the Brazilian Space Agency have discussed a joint venture
to combine the ECO-8 with a MSS system named Constellation. The Constellation and ECO-8 technical
teams worked together for about six months resulting in a system named ECCO. The ECCO solutions
incorporate the best features of both ECO-8 and Constellation. While final commercial agreements are still
not closed, technically speaking ECO-8 and Constellation correspond to a unique solution, the ECCO system.
Aiming to meet its responsibilities with the ECCO enterprise, and to keep its plans in developing capabilities
in LEO communications satellites, INPE organized an internal related management structure keeping the
name ECO-8.
SATELLITE SERVICES IN BRAZIL
In the 1980s, it was decided within Brazil to transition from the leased capacity for domestic
telecommunications services to a domestic satellite to cover all of Brazil and also provide some additional
coverage for the rest of South America. This project was known as Brazilsat and this network now consists
of Brazilsat A-2, B-1, B-2, and B-3. All of these spacecraft were built by Hughes, based on the HS-376 bus
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design, and have been launched by Arianespace. Brazil’s telecommunications market will be fully opened to
international competition in no more than three years. Organizations such as Americatel (backed by
Telefonica Spain and Entel Chile) as well as many of the major international telecommunications carriers
will enter the Brazilian market, and perhaps introduce additional satellite competition either through existing
capacity, such as that represented by INTELSAT, Solidaridad or Moreles, PanAmSat, or new systems.
According to the legislation approved by the Brazilian Congress in mid-1996. EMBRATEL will no longer
have the monopoly for satellite communications in Brazil.
Today (1998) regulation also sets the rules applicable to the use of a satellite that occupies an orbital position
notified by another country, which do not require a specific grant. On the other hand, it adds that any private
or public telecommunications service provider which uses the satellite transmitting systems (STS) will
depend on a particular grant, to be given preferably to those which employ satellites standing in orbital
positions notified by Brazil.
Brazil has employed satellites in its national telecommunications network since 1970, when the first earth
station devised for domestic traffic was opened, in Cuiaba city, using the INTELSAT system. In 1985,
EMBRATEL launched the Al Brazilsat satellite, from the first generation of the Brazilian Satellite
Telecommunications System (SBTS). Nowadays, the second generation of SBTS is fully used by the more
than four thousand VSATs and five million TVROs which are spread all over the country. All Brazilian
television networks broadcast their signals through Brazilsat satellites and, in the same way, major industries
and financial companies have formed their own corporate telecommunications networks by means of the
Brazilsat satellites, or through transponders from Galaxy, or PanAmSat. Yet, despite the massive use of
satellites by the Brazilian telecommunications networks there is an estimate that the present space segment
capacity will probably double in the next five years.
SUMMARY
Brazil is very active in satellite communications. INPE will play a key role in the development of future
satellite systems for Brazil. Satellites and wireless systems will provide services that are today unavailable
from terrestrial communications. The potential market is tremendous, in particular considering a population
of about 140 million with only 20% having telephone services.
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Site:

India Space Research Organization (ISRO)
Department of Space
Government of India
Antariksh Bhavan, New BEL Road
Bangalore 560-094 India
http://www.isro.org

WTEC:

J.N. Pelton (report author)

Host:

Dr. K. Narayanan, Director, SATCOM Program
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FACILITIES AND SCOPE OF OPERATION
The research, testing and manufacturing facilities of the Indian Space Research Organization (ISRO) are
spread over several major centers and units in various parts of India. The headquarters of ISRO is located in
Bangalore. The center, which manages the satellite projects and is where ISRO Satellites are assembled and
tested, also is located in Bangalore. The center that deals with applications of satellite communications and
remote sensing is located in Ahmedabad. The training facilities are located in Ahmedabad and Dehra Dun.
MAJOR PROGRAMS AND NEW ACTIVITIES IN PLANNING
The Indian National Satellite System (INSAT) is a joint venture of the Indian Department of Space (DOS),
which is the parent department of ISRO, the Department of Telecommunications (DOT), the India
Meteorological Department (IMD), All India Radio (AIR), and Doordarshan (DD). Overall management of
the INSAT system is carried out by an INSAT Coordination Committee (ICC). The INSAT program has a
history of over two decades that dates back to the experiments carried out by ISRO in India known as the
Satellite Instructional Television Experiment (SITE) using the NASA satellite ATS-6.
The INSAT-1 satellites were built by Ford Aerospace Corporation to specifications set by ISRO. These were
1,200 kg class satellites deployed in geosynchronous orbit by Delta launchers. They were launched in the
1980s.
The INSAT-2 series satellites were both designed and built by ISRO itself, with only components being
externally supplied. The INSAT system currently in operation consists of INSAT-ID (83 deg. east): INSAT2E was scheduled for launch in 1998.
The INSAT system provides a comprehensive and integrated range of services. These include domestic long
distance communications, meteorological earth observation and data relay, direct broadcast television,
national radio networking, television program distribution, standard time and frequency signal dissemination
services, satellite news and facsimile dissemination, mobile satellite service, satellite aided search and rescue
service, and cyclone warning dissemination service. Not all services are available on all satellites, but these
capabilities are all available through the combined system. The search and rescue payload on INSAT
complements a LEO satellite system called the International COSPAS-SARSAT system.
The next INSAT series, INSAT-3, is aimed toward achieving continuity of services, increased capacity and
improved capability and complete national self-reliance. The first four in the series, INSAT-3A to 3D, will
be 2,500 kg satellites and are compatible with the Geostationary Satellite Launch Vehicle (GSLV) being
developed by ISRO. The rough estimated cost of this new launch system is put at $40 to $50 million per
launch. INSAT-3E is planned to be larger and more capable, with a mass in GEO of about 3,500 kg. A
launcher capable of lifting the INSAT-3E to GEO is also under active development.
INSAT-3D will emphasize improved meteorological capabilities, while INSAT-3A to 3C will emphasize
enhanced telecommunications capabilities. The 3A to 3D satellites will be deployed between 1999 and 2001.
INSAT-3E will move to much higher power and will be capable of delivering 20-24 Ku-band channels at 52
dBW EIRP or 10-12 channels at 55 dBW EIRP and is planned for 2002/3.
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Research and development activities to support the INSAT-3 series are focused on shaped beam antennas,
linearized solid state amplifiers and higher powered traveling wave tubes, onboard processing, contiguous
multiplexing, low noise receivers and improved packaging and harnessing.
In addition to the INSAT-3 development, ISRO is working on a second generation ground system for mobile
satellite systems, plus new direct broadcast terminals. There is also a new rural tele-education ground
network, known as GRAMSAT, which his being implemented in a phased manner. Finally, there are
experiments planned with digital audio broadcasting and high capacity multimedia applications.
The ground systems for the INSAT system are predominantly supplied by Indian industry and in some cases
imported from international suppliers.
Private satellite networks using VSAT antennas are now authorized by the Department of
Telecommunications. These are being used for distributed databases, image transfer, multimedia
broadcasting, CAD/CAM graphic image transfer, and computer networking. Users lease at least one quarter
of a transponder for this purpose. The users now include M/S National Stock Exchange, Hughes Escorts
Communications Ltd., HCL Comnet, COMSAT-Max, RPG Telecom, WIPRO-BT, Tata Services, ITI,
Amadeus Finance, HFCL Satcom, and Punjab Wireless and Communications Networks, and many others are
scheduled to start service shortly. Transponders 13 and 14 on all operational INSAT satellites are reserved
for this service because of the advantages in terrestrial coordination.
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BACKGROUND
Israel has launched one geostationary communications satellite, Amos 1, and three Offeq ("Horizon") LEO
satellites. Israel Aircraft Industries (IAI) is the country’s prime contractor and satellite integrator, and Gilat
Satellite Networks is the principal service provider and earth system developer. Israeli scientists and
engineers are well represented in the satellite communications literature. See, for example, the Annual
Proceedings IEEE Convention of Electrical and Electronics Engineers in Israel.
AMOS 1
Amos 1 was launched on May 16, 1997, and entered commercial service on July 1 of that year. Built by IAI,
Amos provides 7 Ku-band transponders, each with 72 MHz bandwidth. Five transponders serve the Middle
East and two serve Eastern and Central Europe. The spacecraft carries an unusual AOCS in which a single
stabilizing system serves both for the GEO transfer orbit and for subsequent on-orbit operations. The AOCS
incorporates earth sensors, sun sensors, and a single momentum wheel, rather than the usual gyro-based
system. Alcatel made the communications payload, and Daimler-Benz Aerospace produced the other major
subsystems. COMSAT collaborated on AOCS development.
Amos 1 represents an effort by the government to stimulate the country’s satellite manufacturing capabilities,
partly in response to a decision not to develop an all-Israeli combat aircraft. The government agreed to lease
three of the transponders if necessary. This was, in fact, not necessary, since Amos seems to be a
commercial sellout.
FUTURE SATELLITE DEVELOPMENTS
Amos competes with the Hughes 376 spacecraft. Currently AIA is building an Amos follow-on, Magyarsat,
in collaboration with Antenna Hungaria for central European coverage. Launch is planned for 2000.
Satellite Services and Terrestrial Infrastructure
Gilat designs and sells earth terminal equipment, particularly VSATs. It is well known for its innovative and
effective worldwide marketing. The company has strategic partnerships with Lockheed Martin and G.E.
Spacenet. Its research activities reportedly include satellite-based Internet and multimedia services.
Darcom and Israsat are two relatively new companies, which are described as "seizing the data market, using
satellites rather than traditional fiber-optic cable to beam massive data files internationally.” Other Israeli
companies like CTP Systems Ltd. are actively developing data compression and transmission systems.
Launch Capabilities
Israel launched its Offeq spacecraft using the Shavit ("Comet") launch vehicle from the Palmachim air base.
This rocket has been offered unsuccessfully to NASA, and it is being marketed as a commercial launcher.
Geography restricts Israel to retrograde launches.
CONCLUSIONS
While IAI is a competent satellite integrator, most of its technology was developed in collaboration with U.S.
and European subcontractors. Israeli firms have been particularly effective in developing satellite services
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for niche markets in Europe and the Middle East, and Gilat is a formidable competitor for VSAT companies
like Hughes Network Services.
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APPENDIX G. GLOSSARY
AAL2

ATM Adaption Layer 2

ABR

Available-bit-rate

AceS

Asia Cellular Satellite System

ACKS

Aknowledgements

ACTS

Advanced Communication Technology Satellite, a NASA project.

ADSL

Asynchronous digital subscriber loop

AIAA

American Institute of Aeronautics and Astronautics

ALOHA

Rf networking protocol developed initially by University of Hawaii

AMPS

Advanced mobile phone system (Cellular System) or automated message
processing system

AMSC

American Mobile Satellite Corporation

ANSI

American National Standards Institute

AOCS

Attitude and orbital control system

APEC

Asia Pacific Economic Cooperation

API

Application programming interface

APII

Asia Pacific Information Infrastructure

Arabsat

A regional international organization, headquartered in Riyadh, Saudi Arabia that
is providing voice, data and television services to Arab countries via a satellite
system, now in its third generation

ASEAN

Association of Southeast Asian Nations

ASEE

American Society of Engineering Education

ASIC

Application specific integrated circuit

ASIU

ATM satellite interworking unit

ASME

American Society of Mechanical Engineers

ATM

Asynchronous transfer mode

ATSC

Advanced Television Systems Committee

BADLAB

Broadband Applications and Demonstration Laboratory (Communications
Research Centre, Canada)

BBS

Baseband switch

BER

Bit error rates

BFN

Beam forming network
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BMDO

Ballistic Missile Defense Organization (U.S. Department of Defense)

Bps

Bits per second

BPSK

Binary phase shift keying

BSS

Broadcast satellite services

CAD/CAM

Computer-aided design/computer-aided manufacturing

CBR

Constant-bit-rate

CCITT

Consultative Committee on Telephony and Telegraphy

CDMA

Code division multiple access

CNES

The National Center for Space Studies of France located in Paris and Toulouse,
France

CEPT

Council on European Post and Telecommunications

CL

Core logic

CMOS

Complementary metal oxide semiconductor

C/N

Carrier-to-noise ratio

COFDM

Coded orthogonal frequency multiplexing

COMETS

Communications and Broadcasting Engineering Test Satellite

COTS

“Commercial off the shelf” software

CRL

Communications Research Laboratory of Japan, a part of MPT

CSMA

Carrier sense multiple access

DAMA

Demand assignment multiple access

DBS

Direct broadcast systems

DBS

Direct broadcast satellite; the delivery of entertainment television directly to the
end consumer using high powered satellites that enables the customer to use small
(< ¾ meter OD) antennas

dB

Decibel

DD

Direct detection

DEMUX

Demultiplexer

DGA

The Ministry of Defense and Armed Forces (of France)

DND

Canadian Department of National Defense

DOD

Department Of Defense (U.S.)

DPSK

Differential phase shift keying
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DQPSK

Differential quadrature phase shift keying

DRTS

Detecting, ranging and tracking system

DSL

Digital subscriber line

DTH

Direct-to-the-home

DVB

Digital video broadcast

DWDM

Dense wavelength division multiplexing

Eb/No

Ratio of energy per bit to noise power spectral density

ECO

Equatorial circular orbit

ECU

European Currency Unit (= $1.20 U.S. at date of publication)

EEO

Extremely elliptical orbit

EELV

Evolved Expendable Launch Vehicle Program

EHF

Extremely high frequency

EIRP

Effective radiated powers

EOL

End of life

EOS

Earth observation satellite

EPC

Electronic power conditioner

ESA

European Space Agency

ESTEC

European Space Technology Center of ESA located in Noordwyck, Netherlands,
the primary research facility of ESA

ETSI

European Telecommunications Standards Institute

EUTELSAT

European Telecommunications Satellite Organization headquartered in Paris

FAA

Federal Aviation Administration (U.S.)

FCC

Federal Communications Commission (U.S.)

FDMA

Frequency division multiple access

FEC

Forward error correction

FET

Field effect transistor

FPGA

Field programmable gate array

FPLMTS

Future Public Land Mobile Telecommunications System

FPS

Fast packet switch

FSS

Fixed satellite service

Gb

Gigabyte
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Gbps

Gigabits per second

GBT

Group on Basic Telecommunications

GEO

Geosynchronous earth orbit

GFR

Guaranteed-frame-rate

GHz

Gigahertz

GIBN

Global integrated broadband network

GII

Global information infrastructure

GPS

Global Positioning System (U.S.)

GSM

Global standard for mobile

GS0

Geostationary

G/T

Antenna gain-to-system noise temperature ratio

GTIS

Government Telecommunications and Informatics Services

GTO

Geosynchronous transfer orbit

HALE

High altitude long endurance

HDL

Hardware Description Language

HDSL

High-bit-rate DSL

HDTV

High definition television

HEDD

Human Engineering Design Document

HEMT

High electron mobility transistor

HEO

Highly elliptical orbit

HF

High frequency

HMIC

Hybrid microwave integrated circuit

HPA

High power amplifier

HTTP

Hyper text transport protocol

IBCN

Integrated broadband communications network

I&Q

In phase and quadrature

IC

Integrated circuit

ICBM

Intercontinental ballistic missile

ICO

International Circular Orbit, Ltd., a new commercial and competitive satellite
organization created as a spin off of Inmarsat

IDR

Intermediate data rate
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IEC

International Electrotechnical Commission

IEEE

Institute of Electrical & Electronic Engineers

IETF

Internet Engineering Task Force

IF

Intermediate frequency

ILS

International launch services (U.S.)

IM

Intensity modulation

IMT-2000

International Mobile Telecommunications in the Year 2000

IMTC

Multimedia Teleconferencing Consortium

Inmarsat

International Mobile Satellite Organization, an international organization with
some 80 members that provides maritime, aeronautical and some land mobile
satellite services, is headquartered in London, U.K.

INTELSAT

International Telecommunication Satellite Organization, an international
organization that provides fixed satellite services on a global basis with some 140
members, headquartered in Washington, DC

INTERSPUTNIK

The satellite system of the former Soviet Union and a number of countries largely
associated with the "Eastern Bloc" that used a global network of Stationar and
other Russian satellites to provide international voice and Intervision television
services around the world

IP

Internet protocol

IP

Intellectual property

IPoS

Internet protocol over satellite

I&Q

In phase and quadrature

ISDB

Interoperability standards database

ISDN

Integrated service digital network

ISL

Intersatellite link

ISO

International Organization for Standardization

Isp

Specific impulse

ITA

Information Technology Agreement

ITU

International Telecommunication Union

IWU

Inter working unit

JEM

The Japanese engineering module on the international space station

JPL

Jet Propulsion Laboratory

JTC

Joint Technical Committee
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KB

Kilobyte

kbps

Kilobits per second

kW

Kilowatt

LAN

Local area network

LCE

Laser Communications Experiment

LEO

Low earth orbit

LMDS

Local multi-point distribution service, a broadband wireless service for
telecommunications services that operates in the 20/30 GHz band and is just
starting to be deployed in the U.S. and other countries

LMS

Land mobile service

LNA

Low noise amplifier

Mb

Megabyte

Mbit

Megabit

Mbps

Megabits per second

MEO

Medium-earth orbit

MHS

Microwave humidity sounder

MHZ

Megahertz

MITI

Ministry of International Trade and Industry (Japan)

MMDS

Megabit multi-point distribution service, is a wireless telecommunications service
that is sometimes also called wireless cable television

MMIC

Monolithic microwave integrated circuit

MPEG

Motion Pictures Expert Group, a global standard for digital television
broadcasting at a data rate of six megabits/second now broadly used in satellite
systems

MPEG 2

Second generation specification of MPEG used for digital broadcasting, among
other things

MPT

Ministry of Post and Telecommunications (Japan)

msec

Millisecond

MSAT

Satellite produced by Mobile Satellite Communications and SPAR partnership

MSS

Maritime mobile satellite service

MTTF

Mean time to failure

MUX

Multiplexer

mW

Milliwatt
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NASDA

National Space Development Agency of Japan

NASA

National Aeronautics & Space Administration (U.S.)

NF

Noise figure

NGI

Next generation Internet

NGSO

Non-geostationary

NII

National information infrastructure

NREN

National Research & Education Network

NSF

National Science Foundation

NSSK

North - south stationkeeping

NTIA

National Telecommunications & Information Association

NTSC

National Television Standards Committee

NYNEX

New York-New England Exchange (Telephone Company)

OBP

Onboard processing

OCRInet

Ottawa Carleton Research Institute Network, Inc.

OICETS

Optical Interconnection Communications Experimental Telecommunications
Satellite (Japan), a small experimental satellite designed to carry out intersatellite
link experiments in cooperation with the European SILEX experiment

PAT

Pointing, acquisition and tracking

PCS

Personal communication service (digital wireless standard)

PDH

Plesiochronous digital hierarchy

PIM

Passive intermodulation

PLCP

Physical layer convergence protocol

PLD

Programmable logic device

PPT

Pulsed plasma thruster

PSK

Phase shift keying

8PSK

8ary phase shift keying

PSTN

Public switched telephone network

QoS

Quality-of-service

QPSK

Quadrature phase shift keying

RAM

Random-access memory

RBOC

Regional Bell operating company
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Reachback

Long distance communication link from a remote area to an area of significant
infrastructure

rf

Radio frequency

RFC

Request for comment

RFI

Request for information

RTT

Round trip time

SACK

Selective acknowledgement

SAR

Synthetic aperture radar

SAW

Surface acoustic wave

SCD

The Satellite Communications Division of TIA

SCPC

Single channel per carrier

SDH

Synchronous digital hierarchy

SDSL

Symmetric DSL

SECOMS

Satellite EHF Communications for Mobile Multimedia Services

SEU

Single event upset

SHF

Super high frequency

SIA

Satellite Industry Association

SILEX

Semiconductor Intersatellite Link Experiment

SINUS

Satellite Integration into Network for UMTS Services

SITF

Satellite Industry Task Force

SMS

Satellite matrix switch

SOC

System-on-chip

SOI

Silicon on insulator

SONET

Synchronous optical network

SOS

Silicon on sapphire

SOTT

Small optical telecommunications terminal

SOUT

Small optical user terminal

SPIE

Society of photo-optical instrumentation engineers

SPT

Stationary plasma thruster

SRAM

Static random access memory

SROIL

Short Range Optical Intersatellite Link
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SSPA

Solid state power amplifier

SSTDMA

Spread spectrum time division multiple access

TCP/IP

Transport control protocol / Internet protocol

TC8PSK

Trellis coded 8PSK

TDD

Time division duplex

TDM

Time division multiplex

TDMA

Time division multiple access

TDRSS

NASA’s Tracking and Data Relay Satellite System

TIA

Telecommunications Industry Association

TT&C

Telemetry, tracking and control

TTT&M

Tracking, telemetry command and monitoring

TTT

Telecommunications Technical standards making committee of Japan

TVRO

Television receive only

TWT

Travelling wave tube

TWTA

Traveling wave tube amplifier

UAV

unmanned air vehicle (low altitude satellite)

UBR

Unspecified-bit-rate

UHF

Ultra-high frequency

UMTS

Universal mobile telecommunications system

UNI

User network interface

USAF

United States Air Force

USAT

Ultra small aperture terminal

USSB

United States Satellite Broadcasting

VDSL

Very-high-bit-rate DSL

VHDL

VHSIC hardware description language

VHF

Very high frequency

VHSIC

Very high-speed integrated circuit

VLSI

Very large scale integration

VOD

Video on demand

VPN

Virtual private network
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VSAT

Very small aperture terminal

WAN

Wide area network

WRC

World Radio Communication Conference

WTEC

World Technology Evaluation Center

WTO

World Trade Organization, headquartered in Geneva, Switzerland

xDSL

Digital subscriber loop, where “x” can stand for:

XVSAT

Inbound

Outbound

Asymmetric

1.5 Mbps

64 kbps

Consumer

1

128 “

High speed

1.544 “

1.544 Mbps

ISDN

128 kbps

128 kbps

RA (rate adaptive)

1.5 Mbps

64

Symmetric

1.0

“

2.3 Mbps

V (very high speed)
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“

2.3

Switched VSAT

“

“

“

