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A number of systems using com-
munications satellites to provide tele-
phone and data services are reviewed
and compared in terms of their fea-
tures and orbital characteristics.
Analyses are performed of their tech-
nological, financial, market and reg-
ulatory aspects. The conclusion is that
the many low Earth-orbit systems
have a very doubtful future.
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The extraterrestrials

are coming

A Michael Noll

Wireless communication

Cellular telephone service has been a
great success. The average length of a
cellular call is 2.4 minutes, and the
average monthly bill is $61. Cellular is
only one example of wireless com-
munication; the cordless telephone
used within the home is another.
Some people believe the wireless mar-
ket has much room for future growth
from new technologies. Personal com-
munication service (PCS) is a form of
wireless that works outside the home
or office, but does not have all the
sophisticated features of cellular and
thus would be less costly. However,
the price of cellular phones and ser-
vice continues to decrease, and I am
uncertain whether a new technology
that looks so similar would have much
of a chance in the marketplace. Cellu-
lar and cordless are terrestrial-based
wireless communication services.

Cellular is based on the concept of
frequency reuse within a large metro-
politan area, along with frequency
switching as a user moves from one
cell to another. An alternative
approach is to place many com-
munication satellites in orbit and to
switch users from satellite to satellite.
The aerospace and defensé industries
have been strong advocates of com-
munication satellites and, not surpri-
singly, are promoting these ex-
traterrestrial forms of mobile com-
munication.
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LEOS, GEOS, MEOS

The basic idea of using an artificial
Earth-orbiting satellite for com-
munication was first proposed by the
renowned author Arthur C Clarke in
1945. It was not until 1962 that the
first communication satellite, Telstar
I, was launched. Today, the Earth’s
equator is ringed by communication
satellites 22 300 miles above the sur-
face of the Earth. This specific orbit is
such that the satellite takes exactly 24
hours for each circular orbit, thereby
matching perfectly the rotation of the
Earth below and appearing stationary
with respect to the Earth’s surface, a
so-called geosynchronous orbit. Satel-
lites at lower orbits will orbit the Earth
at faster rates and will not be geosyn-
chronous, thereby requiring a series of
orbiting satellites so that at least one is
always above the specific area requir-
ing communication service. Low
Earth-orbiting satellites are called
LEOS, geosynchronous Earth-
orbiting satellites GEOS, medium
Earth-orbiting satellites MEOS, and
elliptical Earth-orbiting satellites
EEOS. The extraterrestrial GEOS,
LEOS, MEOS and EEOS are coming,
according to their proponents and
hopeful investors. But are they?

One the earliest proposed LEOS
was Motorola’s Iridium® employing
66 operational satellites in six polar
orbits about 500 miles above the
Earth’s surface. Iridium is projected
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to cost $3.4 billion with full operation-
al service scheduled for 1998 and 1.8
million subscribers projected for 2001.
The handheld telephones, providing
voice telephony at a reduced bit rate
of 4800 bps, would cost $1000 in large
qQuantities, and service would cost 33
per minute. Telephone calls from the
ground could be relayed from satellite
to satellite to reach the fina] destina-
tion. By mid 1994, only $0.8 billion
had been raised, and Iridium has
attracted competing systems before it-
self even becoming close to commer-
cial service. Globalstar, owned by
Loral, Qualcomm and others, prop-
oses 48 satellites in orbits about 750
miles above the Earth at a cost of §1.6
billion. Odyssey, owned by TRW,
proposes 12 MEOS at a cost of $2.5
billion. But the system that has
attracted the most recent attention
and big-name investors is Teledesic.
Not to be outdone by Iridium, the
Teledesic system proposes to launch
840 satellites in 21 polar orbits 440
miles above the Earth’s surface at a
cost of $9 billion. Each refrigerator-
sized satellite will use sophisticated
ATM packet switching and will offer
variable bandwidth to meet different
user needs. The industrialists Bil]
Gates and Craig McCaw are frequent-
ly mentioned as two prominent inves-
tors in Teledesic. I was once asked to
give my private views on the system
and concluded that there were ‘serious
uncertainties’ and ‘astronomical’ fund-
ing requirements and that the system
Was not practical for the foreseeable
future. My future comments about the
Teledesic system are applicable
though to most similar LEQ systems.
The following analysis of LEOS draws
upon a framework developed in my
Técent manuscript for a book and
forms the basis for my conclusion that
LEOS are inherently unsustainable.

Analysis
Technology

We first ask whether the technology is
available at hand today for LEO tele-
communication. It js not, and there
are still many unresolved uncertain-
ties. Each satellite might need to
handle tens of thousands of simul-
taneous users, and this degree of

switching is comparable to packing 10
central-office switching machines into
each satellite. The high-frequency sig-
nals used to communicate to the satel-
lite are highly directional and would
be blocked by buildings and absorbed
by rain. The microwave safety issue is
also not well understood. At low alti-
tude orbits, air friction is encountered
and each satellite is projected to have
a life of about seven years before
falling back to Earth. [ guess we will
all need to wear hard-hats as protec-
tion! But, keeping hundreds of satel-
lites in precise orbits, switching signals
from one satellite to another as each
rapidly passes over the horizon, and
keeping track of thousands of simul-
taneous users for each satellite are
serious technical challenges, perhaps
resolved only on Paper but not yet in
orbit. LEOS do minimize greatly the
round-trip delay encountered with
GEOS and LEOS and require much
less power since they are so close to
the Earth. However, these advantages
are few and are outweighed by serious
technical problems.

Finance

About 70% of the time, each low
Earth-orbit satellite will be over
Oceans and thus not much usable. The
high cost of each satellite thus is not
justified by its low average utilization.
For the system to be operational, all
the satellites must be in orbit, and
there is no way to grow the system
gradually as traffic develops, like ter-
restrial cellular. The financials prop-
osed by the promoters of these sys-
tems are all overly optimistic and are
far from the realism of the true costs
of the technology and launch costs and
disasters. The yearly profits needed to
repay the $9 billion investment re-
quired for the Teledesic System in 10
years at a return of 15% are $1.8
billion. It is very difficult to beljeve
that such profits could ever be gener-
ated given the competition from ex-
isting cellular systems and also the
competition from other satellite Sys-
tems.

Policylregulation

Licenses would need to be obtained
from many of the countries of the
world, and some are not liberal re-
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munication satellites do have their
place. They are a great way to distri-
bute network television programs
around the Earth and domestically.
They are also appropriate for reaching
otherwise inaccessible portions of the
planet. For these types of applica-
tions, GEOS have much to offer, as
they are few and less costly since the
satellite can be used nearly all the
time. American Mobile Satellite Cor-
poration, partially owned by Hughes
Communications, will offer voice and
fax using three GEOS at a develop-
ment cost of $560 million. The first of
the three satellites was launched in
April 1995. Portable mobile units that
need to be aimed at the satellites will

be used. Simple digital messages are
proposed to be carried by Orbital Sci-
ences’ OrbComm system using 26
satellites. _

Satellites are also a good way to
obtain precise positioning informa-
tion. The Global Positioning System
(GPS) is already in place with 24
satellites in medium earth orbit,
broadcasting codes to enable users to
position themselves accurately. Boa-
ters and civilian aircraft are some of
the users of GPS, and some people
believe positioning receivers wil soon
be in automobiles to guide us along
the auto highways of the world and
handheld receivers will help hikers to
find their way back to camp.



