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he first earth stations for sat-

ellite communications were
built in 1961-62. Stations were con-
structed at Andover, Maine; Goon-
hilly, United Kingdom and Pleumeur-
Bodou, France — to participate in the
Telstar and Relay experimental satel-
lite programs.

These satellites were not geosyn-
chronous. They had ‘low-altitude”,
highly elliptical orbits. These orbits
were used because it was believed the
long signal transit time, to and from a
geosy nchronous satellite, would be un-
acceptable for telephony.

Telstar 1, launched 10 July, 1962
had a perigee of 955 kilometers and an
apogee of 6,328 kilometers. It circled
the globe in 2 hours and 38 minutes.
Telstar 2, launched 7 May, 1963 had
an apogee of 10,508 kilometers and
circled the globe in 3 hours and 45
minutes.

The apogees were positioned so
that the line-of-sight, between the
earth stations and satcllites, was main-
tained as long as possible. Even so,
these times were quite brief — often
less than half an hour. Also the track-
ing requirements for the earth station
antennas where quite stringent. Based
on the results of the experiments, it
was apparent that 8 to 12 low-orhital
satellites would be required to provide
minimal global coverage.
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Earth Station Evolution

Returning to the discussion of the
first generation earth stations, these
were truly imposing structures. They
used 3,000 watt transmitters to drive
85 to 110 foot in diameter antennas.
As previously stated, the first antennas
had to be steerable and able to track a
satellite in orbit.

The horn antenna at Andover
weighed 380 tons and was protected
by a radome 18 stories high. The dome
was made of fabric. Its shape was
maintained by air pressure.

In addition to using the most ad-
vanced microwave tcchnology of that
time, the earth stations added a few
advancements of their own including
traveling wave masers for receiver
front ends, high powered traveling
wave tubes for the transmitters and
liquid hclium for cooling the elec-
tronics. Table 1 summarizes the origi-
nal characteristics of the Andover and
Goonhilly stations. The Pleumeur-
Bodou station was similar to the one
at Andover. These original stations
have since been modified for com-
mercial or government satellite service.

As shown in table 1, the original rf
bandwidths were quite narrow, due to
the limits of the receiver maser ampli-
fiers. Initially, this was not a problem,
since the satellites, including Intelsat
1, had similarly limited bandwidths.




Table 1. Original Characteristics, Two Earth Stations.

The G/T listed in the table is an
important earth station parameter. It
is discussed later.

The time delay question was re-
solved in 1966 after extensive field
trials and user surveys involving the
Intelsat T (Early Bird) geosynchronous
satellite. Two additional earth stations
wcre constructed for these tests; a
massive station at Raisting, Germany
and a smaller one at Fucino, Italy. The
uscr surveys disclosed that customers
did not consider time delay a signifi-
cant problem.

Based on this evidence, the Intelsat
Consortium decided that geosyn-
chronous orbits should be adopted.
This decision is a landmark in the
history of satellite communications.
Once the orbital gecometry was cstab-
lished, the world could be considered
as being divided into three zoncs, each
of which could be served by onc
satcllite. The zones are: the Atlantic-
Ocean zone, Paafic-Ocean zone and
Indian-Ocean zone. All of the world’s
important land areas arc covercd by
these zones, as shown in Figure 1.

Second Generation Earth
Stations

The sccond generation earth sta-
tions were built to accommodate the
larger bandwidth of Intelsat II. Two
U.S. stations were completed in
November 1966; one at Brcwster,
Washington and one at Paumalu,
Hawaii.
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Among the technical advances in-
cluded in these stations were masers
with a 130 MHz bandwidth and Cas-
sagrain antennas. The stations had a
television capability and could estab-
lish telephone circuits with two distant
earth stations.

Intelsat II was actually a stretched
version of Intelsat 1. Intelsat I1’s band-
width allowed {requency division mul-
tiple access (FDMA) whereas Intelsat [
could only be accessed by two ground
stations at the same timec. However,
the 240 channels capacity was the
same for both satellites. The FDMA
operation was made possible by linear
operation of the satellite traveling
wave tube amplifiers. All earth stations
transmitting to the satellitc monitored
and controlled their output power so
that the satellites TWT continued to
operate in its linear region.

The first of the Intelsat III satellite
series was launched in 1968 and pro-
vided a distinet increasc in bandwidth
and channel capacity. These satellites
have two transponders with a band-
width nearly equal to the 500 MHz
allotted for satellites in the 4 and 6
GHz bands.

Third Generation Earth
Stations

Four, third-generation, U.S. earth
stations were built during 1968, to
work with Intelsat IIl. Thcse stations
are locatcd at Etam, West Virginia;
Jamesburg, California; Cayey, Puerto
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Figure 1. Clobal Satellite Communications Zones.

Rico and a sccond facility at Pamalu,
Hawaii.

The receivers included newly de-
signed parametric amplifiers with a
500 Mllz bandwidth. The transmitters
were cquipped with 500 MIz band-
width traveling wave tube amplifiers
with over six kilowatts of output
power. Antenma feed systems were
necessarlly made wideband. Antenna
diameters were standardized at 97 feet
to provide some compensation for the
increased noise temperature resulting
{rom the widcband parametric ampli-
fiers and feed systems.

The Intelsat IH satellite communi-
cations systems made truly global
communications a reality. The new
carth station designs were able to use
the entire assigned bandwidth, so fre-
quencies could be assigned without
considering narrow band equipment.
This made practical the use of
FM/FDMA to provide multiple access
to all earth stations in the network,
using the same linear TWT operation
as Intelsat I

Although performance remained
the constant criteria in early earth
station design — substantial declines in

cost occured with each successive gen-
eration. In the early days, operating
costs were  considered negligible in
comparison to construction costs.
lHowever, this was no longer true by
the time the third gencration stations
were completed. For this rcason,
fourth gencration carth station design
concentrated on reducing operating as
well as constructions costs. Neverthe-
less, reliability and performance re-
mained the pacing constraints, with
emphasis on maintaining a high G/T
ratio.

Fourth Generation Earth
Stations

Typical fourth generation stations
include the Bartlett Earth Station at
Talkcetna, Alaska and a second facility
al Andover, Maine. Both of these
Comsat stations were constructed in
1970.

One notablc feature of some third
and most [ourth gencration earth sta-
tions is the wheel and track antenna
mounting. The antenna structure is
supported by and rotates on a peri-
pheral circular track rather than a
central, vertical axis. The track ar-




rangement places the antenna’s bearing
points on the perimeter of a large
concrete pedestal. Figure 2 is a photo-
graph of an carth station showing the
track arrangement.

This allows the pedestal’s interior
to be used as a control center and
equipment room, thercby reducing the
waveguide runs to the minimum prac-
tical length. For a small to medium

Figure 2. Antenna with track and
wheel assembly — Pamalu, Hawaii
Farth Station.

sized station, almost all the equip-
ment, including redundant items, is in
the pedestal. Centrally locating the
equipment and providing redundancy
for critical units reduces the number
of people required to maintain and
operate the station. Table 2 simma-
rizes the characteristics of the second
through fourth gencration carth sta-
tions.

Gain/Temperature Ratio

Referring back to Tables | and 2,
the last column list the ratio of system
gain to system noise temperature
(G/T) as measured at the input to the
receiver. This is the figure of merit for
earth station receiving systems. Intel-
sat specifies a G/T ratio ol 40.7 dB at
a5 degree elevation angle, lor a class A
carth station.

Antenna Gain

Since the gain used in the G/T ratio
is the gain at the input to the receiver
preamplificr, it is cssentially equal to
the antenna gain minus the transmis-
sion line losses. Antenna gain is usually
measured at the first point where a
transmission line may be connected so
it may include some lossy elements
but docs not include the line.

The gain of an antenna is primarily
dependent upon its physical size, as
shown by the following formula for

Table 2. Second to Fourth Generation Farth Stations.
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maximum gain of an aperture antenna.
The aperture is the area of an antenna
normal (perpendicular) to the direc-
tion of the incident energy (area of the
mouth of a horn or arca of arcflector
for example).

where: A 1s the area of the antenna
normal to the direction of the
incident energy.

A is the wavelength of the
incident energy.

The gain is refative to the gain of an
of an isotropic antenna. This is a
hypothetical device which radiates or
receives equally well in all directions.
It cannot be physically rcalized for
electromagnetic waves.

Generally, maximum gain cannot
be achieved. Antennas are not 100%
efficient, so all the cnergy striking the
aperturc is not converted to power
received at the antenna terminals, The
formula for antenna efficiency (n) is:

_br
/\p

where: Pr = received power
Ap = incident encrgy density

Antenna efficiency is normally expres-
sed as a percentage.

The efficiency must be taken into
account when calculating the gain of
an actual antenna, so the gain formula
becomes:

47A
A2

G=nGu=n7

The gain is normally expressed in
decibels.

There are several factors which re-
ducc antenna efficiency. Among these
are some which increase sidelobe lev-
els. These factors have a double effect

on the G/T ratio. In addition to
reducing the antenna gain, they in-
crease the system noise temperature.
Factors which increase the wide side-
lobe and backlobe levels are particu-
larly dcgrading.

Noise Temperature

All physical objects radiate energy.
In the case of a thermal noise source,
the radiated energy at radio {requen-
cies is directly proportional to the
absolutc temperature of the source in
degrees Kelvin  (Planck’s radiation
law). For a thermal noise source, the
physical temperature and noise tem-
perature are equal.

The noise temperature concept is
used to characterize the noise power
from other types ol noise sources. The
physical temperature of these devices
is not necessarily equal to their noise
temperature.

Their noisc temperature is the
temperature at which a thermal noise
source would have to be to radiate the
same power. The noise temperature of
a source may also be a function of
frequency, if its noise power fre-
quency spectrum is not flat.

The concept of noise temperature is
not restricted to noise sources. The
noise measured at the output terminals
of an amplifier or antenna can be
expressed in terms of an equivalent
noise temperature. lixpressed as tem-
peratures, noise from the antenna and
recciver can be added to arrive at the
total system noise value.

Furthermore, gain and noise tem-
peraturc are both relative power meas-
urements, so the G/T ratio can be
expressed as:

G/T =G (dB) — 10 Log T (°K)

where T is the antenna noise tempera-
ture in degrees Kelvin,

Antenna noise temperature includes
radiations from objects on earth as
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CASSAGRAIN

Figure 3. Three versions of the parabolic antenna, showing placement of rf feed
and path of reflected energy. The Cassagrain is the most practical type for satellite

communications.

well as radiations from objects in
space. This is one reason why reducing
the side and back lobes of an earth
station antenna is important. When the
antenna is receiving, these lobes repre-
sent sources ol extraneous noise. When
the antenna is transmitting, any energy
in lobes other than the major lobe is
wasted.

Antennas Types

From the foregoing distussion,
there are three requirements for an
carth station antenna, high gain (large
aperturc), low noise (high efficiency)
and good steerability (pointiug accu-
racy). This last requircment has been
somcewhat alleviated by satellite
improvements but is still important.

There are several antennas which
meet these requirements. Figure 3
shows three parabolic reflectors which
are suitable.

The basic parabolic antenna is a
highly directional device. However, the
center feed at the focal point of the
antenna cannat be precisely controlled
to illuminate only the reflector. A
certain amount of “spillover” occurs
and adds undesirable back and side
lobes. With the antenna reflector look-
ing skyward, the feed is pointed back
at the relatively noisy ground (approx-
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imately 290°K) so spillover adds to
the antenna’s noise temperature.

The horn reflector antenna was
developed to reduce minor lobes. The
antenna is basically a section of a
parabola, with sides extended from the
feed to the edges of the reflector. The
horn is a highly efficient, low-noise
antenna, but is large and costly.

The Cassagrain antenna is a practi-
cal compromise betwcen the basic
parabolic and horn antennas. Cassa-
grain anteunas use two reflectors; a
parabolic main reflector and a hyper-
bolic subreflector. The fced is at the
rear ol the main reflector so its looks
at the sky (noise temperature approx-
imately 30°K).

The antenna has low spillover, short
transmission lines aud good mechani-
cal stability of the feed system. Care-
ful engincering and precisc construe-
tion arc required to avoid placing
elements in a position which could
block radiation.

Tracking Telemetry and
Command

Returning to the discussion of earth
stations, there were more than 60
stations operating in 48 countrics by
1972. Four specialized stations,
Andover, Maine; Carnavon, Australia;
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Fucino, Italy and Paumalu, Hawaii
maintained a continuous check on
satellite performance.

These stations track the satellite
during and after launch and transmit
commands when necessary to change
its position. They monitor various
satellite parameters such as tempera-
ture, spin rate and attitude as well as
the EIRP (effective isotropic radiated
power), carrier frequency, deviation
and out-of-band noise of the commu-
nications electronics. The importance
of EIRP is discussed later in this
article.

Placing a satellite in synchronous
orbit is a precise operation. First, the
launch vehicle places the bird in a long
elliptical orbit. The apogee of this
orbit is about 22,300 miles from earth.
To prepare for the next step, the orbit
is accuratcly measured and the satel-
lite’s orientation is adjusted to pre-
cisely the right attitude.

When the satellite is at the farthest
end of its ellipse and traveling at a
right angle to the earth’s radius, an
apogee motor is fired to put the
satellite in circular orbit. The time of
the motor’s ignition and the duration
of its thrust are critically important to
the success of this maneuver. Once the
satellite is in circular orbit, its velocity
is adjusted to synchronize with the
carth’s rotation and its attitude is
adjusted to point the antenna in the
right direction.

After the satellite is in synchronous
orbit, it requires periodic adjustments
of velocity and attitude to keep it “on
station”. This station kecping is ac-
complished by on-board jets which are
fired in “squirts” by commands from
an earth station, although for some
satellites attitude is automatically con-
trolled by on-board equipment. Any
satellite communications system must
have at least one carth station capable
of performing monitoring and control
functions. These functions are com-

monly referred to as TT & C (tracking,
telemetry and command).

Intelsat IV is the current series of
Intelsat satellites. The first Intelsat V
launch is scheduled for 1980. The
latest operational series, Intelsat IVA,
employs orthogonally polarized anten-
nas to transmit and receive signals
simultaneously, in the same frequency
band.

Intelsat approved the wuse of
smaller, class B antennas for earth
stations operating with Intelsat IV and
IVA. These earth stations antennas
may be as small as 11 meters in
diameter. The class B stations repre-
sent a dramatic decrease in the size
and cost of the earth stations.

Other innovations introduced by
the Intelsat IV satellite communica-
tions systems include SPADE and
cxperimental time division multiple
access (TDMA). SPADE (Single chan-
nel per carrier, pulse code modulated,
multiple access, demand assigned
equipment) provides more efficient
use of satellite bandwidth by assigning
transponder capacity for use on a call
by call basis. One of 12 transponders
on an Atlantic Region Intelsat IV was
assigned to SPADE, which uses a
frequency division, multiple access
technique. The technique divides the
36 Mtlz transponder bandwidth into
800 channels which are individually
accessible. This is in contrast to the
FDMA with permanent channel assign-
ments used by Intelsat II and III.

A common channel, demand assign-
ed, signaling and switching system
(DASS) for earth stations was devel-
oped to complement the SPADE sys-
tem. 1DASS is a TDMA system. Etam,
West Virginia and Raistag, West
Germany were the first earth stations
equipped for SPADE operation.

The SPADE system provides de-
mand assignments without central con-
trol. Pulse code modulation is used for
channel encoding, and coherent, quad-




rature, phase-shift keying is used to
modulate each carrier.

Each rf carrier accommodatces a sin-
gle voice channel. The carriers have a

bandwidth of 45 kHz. The trans-
ponder bandwidth is 36 MHz so it ac-
commodates 800 carriers. Each carrier
represents an aecess to the satellite.

Since each carrier corresponds to
onc voice channel, it is not transmitted
unless voice is present on the channel.
The transponder has sufficient power
to support 800 channels which are on
or off depending on talker activity.

The 800 channel capacity presup-
poses standard, class A earth stations
with a G/T ratio of at least 40.7
dB/°K. Smaller stations, or a nctwork
of mixcd earth stations, can opcrate in
a SPADE system with reduced channel
capacity. The important characteristics
of SPADE are listed in table 3.

Intelsat 1V’s TDMA research and
development was conducted in the
Pacific basin area. TDMA is a tech-
nique for switching a satellite trans-
ponder between several earth stations.
The switching rate is fast enough so
that, for practical purposes, each earth
station has full time access to the
satellite.

Transmissions {rom an earth station
arc in bursts, with coded addresses to
particular receiving stations. Each
burst has a synchronized time slot to
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Table 3. Spade Sys-

tem Characleristics.

prevent interference. The satellite re-
transmits the signals in the synchro-
nized sequence that they are received
from the earth stations. A particular
carth station receiver copics only those
signals which are addressed to it.
Comparisons between DA/FDMA
and DA/TDMA show that, when there
are a large number of low traffic
points to be interconnected, a single
channel per carrier, FDMA system
with PSK or FM modulation of cach
carrier is most eflicient. When there
arc a smaller number of points but
with medium to heavy traffic TDMA is
most efficient. As the number of
channcls required for ecach link in-
creases, the advantages ol demand
assigned channels decreases.
(Juaternary phase shift keying
(QPSK) in a burst mode is also used
for TDMA. Since some form ol phase
shift keying modulation is used in
many of the domestic systems de-
scribed later and it will see increasing
use in the future; its principles are
discussed in the following paragraphs.
Binary phasc shift keying (BPSK) is
the simplest form of phase shift modu-
lation. Each change in the baseband
bit stream from 1 to 0 or 0 to 1 causes
a 180 degree phase shift of the carrier
being modulated.
In quaternary (four phase) modula-
tion, the carrier is shifted 0°, 90°
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BINARY PSK
0

EIGHT PHASE PSK

Figure 4. Relative phases and amplitude of PSK signals. The decision thresholds
represent levels where the receiver must decide which signal has been received.

180° or 270°. Fach shift represents
two bits from the sequence to be
transmitted. There are four possible
combinations for a pair of binary
digits; 00, 01, 10, 11. Each combina-
tion is assigned a phase value. The
carricer is shifted in phase for each pair
of bits (dibit) in the data or message
sequence.

Eight-phase PSK wuses tribits to
modulate a carrier by shifting its phase
to eight different values over a 360
degree range. Figure 4 diagrams the
three PSK schemes just described.

Phase shift keying is suitable for
TDMA systems because it can be casily
accomplished with digital signals. PSK
also makes efficient use of bandwidth
and power and has a lower digital error
rate than other modulation mcthods.

Digital error rate, for any modula-
tion method, is dependent upon how
hard it is for noise to make one signal
look like another. The lowest crror
rate occurs when there are two signals
diametrically oppositc in phase as they
are with BPSK.

However, the trend seems to be
towards quaternary PSK for satellites
because it saves on bandwidth and,
with synchronous detection, provides
an error rate equal to BPSK. In QPSK,
two bits of information are carried in a
pulse that would carry omne bit of

information in BPSK. But, for equal
bit rates and received carrier power,
QPSK signals arc twice as long as and
contain twice the energy of BPSK
signals. The increased energy compen-
sates exactly for the performance de-
gradation resulting from using 90°
instead of 180° signals.

Eight phase PSK is difficult to
implement and has a higher error rate.
Therefore, it is not used for satellite
communications except in those rare
cases where bandwidth considerations
overid ¢ all other factors.

Frequency Reuse

Intelsat IVA doubles its use of the
frequency spectrum by a technique
called frequency reuse. The satellites
use directional antennas with special
feed assemblics to provide space dis-
crimination, so the same frequencies
can be used twice,

Intelsat V will have a reuse factor
of four in the 6/4 GHz band because it
will be equipped to transmit and re-
ceive simultancously on orthogonal
polarizations. The reuse factor drops
back to two in the 14/11 GHz band
because orthogonal polarizations are
not used. Existing earth stations must
be retrofitted with dual polarized an-
tenna feeds to accommodate the fre-
quency reuse techniques.
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Polarization discrimination between
adjacent channels has becn used ex-
tensively in terrestrial microwave
systems. However, its use for satellite
communications presents some unique
problems. Satellite communications
will use overlapping channels, a condi-
tion which has been avoided on ter-
restrial systems. The overlapping con-
dition requires almost perfect ortho-
gonal polarizations to prevent interfer-
ence.

Another problem unique to satellite
communications is Faraday rotation.
It results from the magnetic fields
surrounding the earth. Polarized sig-
nals passing through the ionosphere
are affected by these fields.

The effects vary slowly with the
time of day. Rotation of the polarized
beam is greatest during daylight hours
and is minimal in the hours just before
dawn.

The rotation also varies with fre-
quency. The maximum daily polariza-
tion shift, for a 4 GHz signal, is about
4.6 degrees. Under the same condi-
tions a 6 GHz signal shifts about 1.9
degrees.

Although these angular misalign-
ments may seem small, the effects are
quite large. The resulting interference
is equal to 20 times the logarithm of
the sine of the angle. If the orthogonal
set’s isolation is normally 40 dB, it will
drop to 22 dB with a 4.6 degree
misalignment.

These effects must be compensated.
This is accomplished by constantly
monitoring the Faraday rotation and
inserting differential phase and differ-
ential attenuation compensating net-
works in the path. Some degradation
in the G/T ratio results from this
action but the trade-off is worthwhile,
considering the increase in channel
capacity.

At the end of 1978, the Intelsat
network had 198 earth stations world-
wide. Seven of these are in the United
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States. Plans call for 88 new stations
to be added, worldwide.

Domestic Satellite Earth
Stations

U.S. domestic satellites werc au-
thorized by the FCC in 1972, Westar
1, the first American domestic satellite
was launched by Western Union in
1974 and followed by Westar 2 later in
the same year.

Western Union now has five heavy
route and thrce medium route earth
stations in operation. They also lease
excess channel capacity to other car-
riers. American Satellite Corporation
leases transponders for its system
which includes 19 earth stations, four
for common carrier and the remainder
for dedicated services to government
and commercial customers. ASC plans
to add seven more earth stations to
its network

The entire capacity of the three
Comstar satellites is used jointly by
AT&T and GTE for long distance
telephone transmission. AT&T has
four earth stations and GTE has three.
Comstar satellites reuse frequencies,
Also, they transmit and receive si-
multancously on orthogonal polari-
zations.

The first operational U.S. domestic
satellite system was established by
RCA, using the Canadian ANIK A2
satellitc. RCA’s own satcllites, SAT-
COM 1 and 2 were launched in 1975
and 1976.

RCA provides message and televi-
sion services to business and govern-
ment. It has six common carricr earth
stations and 18 dedicated to govern-
ment uscrs. RCA also leases satellite
capacity to other users and trans-
ponders to Alaska Communications.
Alascom has 20 heavy and medium
routc systems and about 100 small
“bush stations™ with 4.5 meter anten-
nas serving small communities in rural

Alaska.



The January issue of the Demodula-
tor conservatively estimated that inter-
state telephone calls would reach a 9
billion annual rate by 1985. It is also
estimated that, by that time, nearly
2,000 broadband satellite transponders
will be in orbit. These transponders
will provide the equivalent of approxi-
mately 1.5 million voice circuits.

However, all of these circuits will
not be used for voice communications.
Over the next decade, remarkable
growth of satellite communications is
also expected in two other areas;
business communications and cable

television (CATYV).

Business Communications

Satellite Business Systems (SBS), a
joint Comsat, IBM, Aetna Casually
venture, is scheduled to begin opera-
tions in January 1981.

This system will have three satel-
lites, two in geostationary orbit and
one spare. It will be an all digital
system providing integrated voice,
data, facsimile and video services to
locations that are widely dispersed
geographically. It will be a TDMA
system, with transmissions using QPSK
in a burst mode. Transmission rate will
be up to 6.3 megabits per second, in
contrast to the present maximum of
1.5 megabits.

The SBS system will operate in the
relatively unoccupied 12/14 GHsz
band, so SBS terminals can operate in
cities without creating interference
problems. Earth stations will be lo-
cated on the customer’s premises, per-
haps on the roof or in the parking lot.

Xcrox has applied to the FCC for
an allocation in the 10-GHz band, to
be used on a satcllite-based business
communications network. This system
will opcrate in a similar fashion to the
SBS system but is aimed at the small
business user.

The Xerox network (XTEN) will

use leased channels on RCA’s Satcom
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or Western Union’s Westar satellites.
Its bit rate is 4.1 Mbls.

American Satellite Corporation re-
cently announced it is converting its
entire system to digital transmission.
They will also use time division multi-
ple access switching.

Video-conferencing by Satellite is
another area of interest to business.
The increasing costs of travel and the
use of small roof-top satellite terminals
have brought renewed interest in
video-conferencing via satcllite. Exper-
iments in England and in Canada, have
shown that participants, though ini-
tially enthusiastic, will not make fre-
quent continuing use of the service if
they are required to make complicated
prior arrangements and travel to a
central studio. However, recent experi-
ence in Canada and the U.S. (Project
PRELUDE) indicates that on-premises
facilities would probably receive much
greater use.

Early experience with the vidco-
telephone has shown that simply send-
ing a small-format, reduced-resolution
picture of the talker was of little value
to most users, while recent tests by
AT&T with a video conference system
that provides studioquality TV, graph-
ics, facsimile, and good audio showed
a much better level of acceptance.

Transmission of a high-quality color
video for conferences, using existing
satellites and today’s ecarth station
technology, gencrally requires the usc
of an entire satellite transponder in
each direction. This amounts to 1/12
of the satellite’s total capacity or an
equivalent of 1,500 voicc circuits. By
accepting a slight compromise in qual-
ity, both directions can be carried in
the same transponder, but for wide-
spread usage, additional compression is
necessary.

Bell Telephone Laboratories and
GTE Laboratories are conducting
video conferencing experiments using
digital encoding and compression of




the TV picture that can reduce the
bandwidth by a factor of from 5 to 10
compared to currently used analog
transmission techniques. Such reduc-
tion would have a significant effect in
lowering the cost of transmission for a
video conference. The only noticeable
degradation is a slight “jumpiness” in
pictures with large areas of rapid mo-
tion. This kind of motion is rarely scen
in business-type vidco conferences.

CATV

The first CATV television pro-
gramming via satellite was initiated
September 1975, At that time, 9
meters was the minimum diameter
antenna allowed by the FCC for re-
ceive only CATV earth stations. On
December 15, 1976 the commission
issued a ruling which effectively re-
duced the permissible diameter to 4.5
meters. The FCC has jurisdiction over
receive only earth stations because
their parameters effect orbital spacing,
as described later under “Orbital
limits.”

As a result of this ruling the cost of
these carth stations was reduced 50%
or more and CATV became a strong
contributor to the current growth in
satellite communications. Projections
are that more than 3,000 earth sta-
tions will be serving over 5,000 CATYV
systems by the mid-19807s.

Broadcast Television

The broadcast networks are also
using satellites for program distribu-
tion. The three major networks, ABC,
CBS and NBC use satcllite circuits to
feed news and sporting events back to
their network centers. Satellite chan-
ncls are also used to transmit program
material to  regional distribution
centers.

Public Broadcasting is well along
with its satellite distribution system.
When this system is completed, it will

include seven transmit and reccive
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stations; the main station near Wash-
ington, 1).C. and six regional stations.
In addition 142 receive only stations
will serve the 162 public television
stations. Many of these earth stations
arc already in operation, using leased
WESTAR transponders.

Radio broadcasters are also using
satellite links. So far their usage has
been more on a coast to coast trunking
basis than to individual stations. The
news wire-services, AP and UPI arc
beginning to use satellitc communica-
tions to send information to their
subscriber newspapers,

Smaller diameter antennas are more
feasible for domestic satellite carth
stations than for global satellite earth
stations. Domestic satellites cover
smaller gcographic areas, so they can
use narrower beams and consequently
higher gain antennas. For a given
power input, higher gain antennas pro-
vide a greater effective isotropic radi-
ated power (EIRP).

Spot beams have the highest gain
antennas and consequently given the
greatest increase in EIRP. Spot beams
are best used for applications where
there are a relatively few areas of
heavy traffic which are widely scpa-
rated geographically but are within the
area covered by the satellite (the conti-
guous 48 states or the Scandinavian
countrics for example). Satellite distri-
bution of CATV programs is adaptable
to spot beam coverage.

The EIRP requirements for a satel-
lite arc dependent on several factors
including:

— The earth station G/T.

The type of modulation and base-
band width which determines the
bandwidth required for the earth
station recciver.

— The required  signal  quality  for
FDMA systems or the permissible
error rate for TDMA systems.
Effective isotropic radiated power
usually considered more of a critical
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factor in satellite than in earth station
design. Earth stations generally have
larger, higher-gain antennas and greater
transmitter power. Their EIRP is high
cnough to assure that the received
signal at the satellite is much higher
than the receiver noisc. For this reason
EIRP may be considered a figure of
merit for satellites whereas G /T ratio is
the figure of merit for earth stations.

In the future, as satellites become
more powerful with even higher EIRP,
direct broadcasts from satellites to
homes will be a distinct possibility. A
one meter diameter, dish antenna
should bc more than adequate. A
down converter would also be required
to match the tclevision receivers rf
band. Produced in quantity, the anten-
na/converter combination could retail
for under $300. Even farther out in
the future, portable hand held trans-
ceivers may be capable of worldwide
communications via very large satel-
lites.

Satellite Limitations

The January issue of the Demodula-
tor listed two limits on satellite com-
munications; the frequency spectrum
and the gcosynchronous orbit. The
concluding section of this article dis-
cusses each of these limits in turn.

Spectrum Limits

The eventual overcrowding of the
frequency allocations has been a vir-
tual certainty since the beginning of
commercial satellite communications.
The increasing demands for service
have always outpaced technical devel-
opments designed to provide more
efficient use of the spectrum.

In some heavy traffic arcas, the 500
MHz bandwidth allocations in the 6
and 4 GHz bands arc already over-
crowded, even though satellites serving
these areas use the frequency reuse
technologies previously described.
When similar situations are encounter-
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ed in tcrrestrial radio communications,
the classic solution is to go to higher
frequencies with greater bandwidths.
This same solution applies to satellites.

Intelsat V will use transponders in
the 11/14 GHz as well as 6/4 GHz
bands. However, it appears that U.S.
domestic satellites will use the 11/14
GHz bands primarily for radio and
television broadcasling, leaving the
super high frequency bands for tele-
communications traffic. These fre-
quencies are attractive because they
offer the possibility of large band-
widths. Bandwidths which accom-
modate upwards of 100,000 voice
channels or equivalent signals could be
achieved with a 30 GHz carrier.

Use of the super high bands would
also largely eliminate the problem of
interference betwecn satellite and ter-
restrial systems. Earth stations can be
located in areas where lower band
frequency congestion prevents  their
installation at present.

The higher frequencies provide cco-
nomies of scale in antennas and wave-
guide and consequently in their sup-
porting structures. This fact makes
rooftop locations more practical for
higher frequency than for lower fre-
quency ecarth stations.

Rain altenuation is a significant
problem in the 11 GHzband and since
it increascs with frequency, it is pos-
sibly the most significant problem in
the 30 GHz region under discussion.
Rain attenuates a microwave signal in
two ways; the water absorbs cnergy
and the raindrops scatter it. The
amount of attenuation is a function of
the drop size, the temperature and the
volume of water as well as the fre-
quency. In other words, the bigger the
drops and the higher the frequency,
the greater the attenuation will be.

Note that the total annual rainfall is
not the important factor. Concen-
trated rain is what causes trouble. This
is the reason why GTE sclected the




Figure 5. Florida triad for 19/29 GHz expcriment.

arca around Tampa Florida for propa-
gation experiments at 19/29 GHz. The
experiments are ongoing but prelimi-
nary lindings wese published by Gen-
cral Telephone and Eleetronics in a
press release dated March 1, 1978, and
in a GTE laboratories Publication,
“Profiles™, Three, 1979,

The (ollowing paragraphs are ex-
tracted from these publications:

19/29 GHz Project

In these frequency bands, a major
propagation experiment is underway
in Florida to mecasure the rain-induced
signal allenuation at three sites, using
beacon signals from the COMSTAR
salellites. This experiment is a coop-
erative effort of GTE Labs, GTE Satel-
lite Corporation, Gencral Telephone
Company of Florida and the Uni-
versily of South Florida (USF).

The highest incidence of summer
thunderstorm activity in the United
States (89 thunderstorm  days  per
year) occurs aiong the Gulf Coast,
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making the Tampa area ideal for ex-
periments to measure the effeets of
heavy rain on satellite signals.

Figure 5 shows the location of the
three stations at USF and General
Telephone Company of Florida central
offices at Sweetwater and Lutz. Iach
station in this ‘“triad” has a small
roof-mounted antenna (2.5 meters in
diameter) and  reeeiving  equipment
tied by data lines into the master
control station at USF. The antennas
are a special design developed by GTE
Sylvania Electronic Systems Group.

Continuously recorded signals at
both 19 Gllz and 29 Gllz, show the
[requeney dependence of rain-indnced
atlenuation. Comparing signals at the
three sites during passage ol a storm
measures  the effectiveness ol a re-
ceiving system that would select the
best signal from a pair of stations to
reduce rain outage. Definite preference
for the Lutz-Sweetwater station pair
has been observed in the lirst year’s
data.

World Radio Histol



1
USF
01
EXCEE,?ANCE LUTZ
0.0} 12dB
LUTZ + USF
| 1 |
0 10 20 30
ATTENUATION dB

Figure 6. Diversity performance of Tampa triad June 1978 — 19 Gllz.

Figure 6 shows typical curves of
mncasured attenuation exceedance (per-
cent of time the signal is below a given
level) where the Lutz-USF  pair
achicved 12 dB performance improve-
ment over the better of the two
stations alone, at the indicated time
percentage. By continually choosing
the best signal from all three stations,
an even grealer improvement would be
possible. Data of this type is essential
for design of future satellite systems
that are to achicve the high reliability
needed for the telephone network.
When reliability is not strictly speci-
fied, the curves allow the designer to
make the best trade-off between cost,
performance, and customer’s object-
ives.

The ultimate goal is to discover the
relation between signal fading and
local rainfall statistics so that systems
can be designed for any locale without
resorting to the expensive and time-
consuming process of beacon signal
measurement for each new location.

Dr. Lee L. Davenport, Vice Presi-
dent and Chicef Scientist of GTE, said
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that future domestic satcllite systems
will be able to utilize super-high fre-
quencies despite the adverse effects of
heavy rainstorms and other weather
conditions upon the higher-frequency
radio waves,

[le told a news conference at the
University of South Florida that a
large number of additional communi-
cations channels will be necessary by
the mid-1980s to meet the steadily
increasing demand for communica-
tions scrvices. Those channels will be
available on the new satellite systems,
and they will provide the high reli-
ability required by the nation’s long-
distance telephone network, Dr.
Davenport stated.

“We arc now confident thal rain
interference with super-high frequency
radio waves can be overcome by estab-
lishing sateflite carth stations in pairs
which are sufficiently scparated and
properly positioned for local storm
patterns”, Dr. Davenport said. “If such
a site configuration is cstablished the
interference  should rarely occur at
both ecarth stations simultaneously.”




The foregoing extracted paragraphs
discuss an exccllent example of an
applied research and development pro-
gram. The experimental results will
provide practical solutions to a well
defined problem. The results will have
almost immediate application. Systems
using 19/29 GHz frequencies will be
operational in the next generation of
communications satellites.

Millimeter Waves

At frequencies in the 50 Gllz re-
gion and above, attenuation due to
absorption by oxygen molecules be-
comes significant. Water molecular
absorption is also significant at these
frequencies and at “resonant’ points
in lower frequency bands. Rain and
molecular attenuation of millimeter
waves make their propogation in the
earth’s atmosphere impractical for
common carrier use. However, satel-
lites do not operate in the atmosphere.

Millimeter waves could be used to
link satellites. Presently, two up and
two down channels are required to
connect two satellite systems in tan-
dem. If a direct link existed between
the two satellites, one up and one
down channel would not be required
and would be available for other traf-
fic. A significant reduction in noise
would also result as well as some
reduction in the time delay. Frequen-
cies in the 50 to 300 Gllz range will
probably be used to communicate
between future satellites.

Orbital Limits

The number of satellites per unit of
orbital arc is limited by the ability of
the earth stations to keep the signals
apart. Which is to say the number of
satellites is limited by the beamwidths
of both the satellite and earth station
antennas.

Beamwidths are inversely propor-
tional to antenna size, i.e. the smaller
the antenna the wider the beam. So,
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from a strietly technical point of view,
it seems that the necessity for avoiding
orbital congestion and the trend to-
wards smaller earth stations are in
direct opposition.

However, technology is not thc
only consideration. Economics play a
large part. Since there will be a far
greater number of earth stations than
satellites, the aggregate costs for earth
stations will be much greater than for
satellites. Therefore, reducing the cost
of an earth station is more significant
than reducing the cost of a satellite.
For this reason, earth stations will
continue to grow smaller and less
cxpensive as satellites become larger,
more powerful and provide sharper
beam antennas.

A historic parallel exists in the
broadcast industry where, as transmit-
ters became better and broadcast sta-
tions more numerous and widespread,
receivers became less ecomplex and
expensive. Today many broadcast re-
ccivers are throwaway items, cheaper
to replacc than repair.

This is not to say that earth stations
will become throwaway items. How-
ever, some older stations will become
obsolete and too expensive to operate
and maintain. This situation already
exists in some Electronic Data Pro-
cessing Systems with older computer
mainframes.

Remember that the discussion of
satellite communiecations deals in ag-
gregate costs. The cost per circuit has
declined from the beginning and will
continue to decline, for the forese-
eable future.

Given the facts just presented, it
appears that the solution to orbital
crowding lies with the space platforms
mentioned in the January issue. These
platforms are also called Orbital An-
tenna Farms. This latter term will
probably prevail since its acronym,
OAF, is descriptive, humorous and
easy to remember.



These antenna farms will be con-
structed in space. In contrast to exist-
ing satellites, these structures and the
equipment they house will also be
maintained and repaired in space. Al-
though some disciplines may be
stretched to the limit, the entire con-
cept is within the state of the art of
current technology.

Orbital antenna farms can solve the
problem of orbital congestion. Al-
though they are much larger than
satellites, far fewer OAFS will be
required.

However, the real success of this
concept depends on the cooperation
of a number of government and corpo-
rate entities that provide a wide vari-
ety of services, presently by using
scveral individual satellites. The prob-
lems of money, property and prestige
involved in several entities sharing a
common facility are beyond the scope
and competence of the Demodulator.
However, it is apparent to the most
casual observer that these problems do
cxist and that a great deal of patient
effort will be required to solve them.

Laser Technology
Laser technology could go a long

way loward solving both the fre-

quency spectrum and orbital crowding
problems. Lasers for space communi-
cations have been discussed since their
introduction in 1960-61. An experi-
mental laser communications system
will be piggybacked aboard on experi-
mental satcllite to be launched by the

spacc shuttle — possibly in 1980,

The following advantages make
lasers highly desirable for space com-
munications.

(1) The intensity of the bcam which
could allow satellites to be posi-
tioned beyond the geosynchronous
orbit.

(2) The extremely low electromagnetic
interference radiations which could
allow laser bearing satellites to be
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placed in the geosynchronous orbit

without interfering with existing

satellites.

(3) The extremely narrow beamwidth
of lasers, with antenna diameters
measured in millemeters.

(4) The extremely high bit rates (band-
width) that can be achieved.

The principal drawback on laser
communications is the adverse atmos-
pheric effects. At laser-beam wave-
lengths, these cffects are more severe
than they are at microwave wave-
lengths. However, these effects might
be alleviated by locating diversity
earth stations in regions with different
weather patterns. Of coursc, atmos-
pheric effects do not exist in space, so
laser communications between satel-
lites should be straight-forward and
provide the same advantages as milli-
meter waves.

Satellite Versus Other
Communications Systems

Any valid evaluation of a communi-
cations system’s future must view that
future in the light of other, competi-
tive systems. This is the intent of the
following paragraphs.

Before satellites, communications
relied on a network composed of three
terrestrial systems; microwave radio,
land cable and submarine cable. Each
of these systems has strengths and
weaknesses, which dcfine its best area
of application. Each system was rela-
tively secure in its own best area, with
minimum competition from the other
two.

This picture scemed to change radi-
cally with the advent of communica-
tions satellites in the mid-1960’s. It
appeared that the versatile satellites
would successfully compete against all
three existing systems and that these
systems would be relegated to the
secondary role of providing back-up
and local distribution systems.

However, from the previous discus-
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sion, it is apparent that satcllite com-
munications systems have their own
weaknesses, principally spectrum/
bandwidth and orbital space limits.
The spectrum congestion leads to in-
creasingly troublesome RFIL. Radio fre-
quency interference is a problem com-
mon to both terrestrial and satellite
microwave transmissions. It seems to
increase exponentially with every new
system and may well be the ultimate
limiting factor on microwave com-
munications.

For the recasons listed, satcllites will
not be able to satisfy thc rapidly
increasing demands for telecommuni-
cations services. To meet these de-
mands over the next decade, all exist-
ing systems will be expanded and
systems based on new technologies
will be introduced.

Systems based on millimeter wave-
guide and fiber optic technologies are
well past the development stage. These
new systems will be discussed in future
issues of the Demodulator.

Pap—

BIBLIOGRAPHY
Earth Satellite Com munications GTE Lenkurt Demodulator — May, 1962.
Satellite Communications GTE Lenkurt Demodulator — December, 1966.

Ground Stations For Satellite Communications GTE Lenkurt Demodulator — January,
1967.

Developments In Satellite Communications GTE Lenkurt Demodulator — August, 1969.
Satellite Communications Update, Part 1 GTE Lenkurt Demodulator — January, 1979.

Coburn, Alan R. — Satellite Communications, Farth Stations. Telephone Engineer and

Management — September 15, 1971. Harcourt Bruce Jovanovich Publications — Geneva,
Nllinois.

Puente, J.G. and Werth, A M. — Demand Assigned Service for the Intelsat Global
Network.

IEEE Spectrum — January, 1971.
Institute of Electrical and Electronic Engineers, N.Y., N.Y.

Topol, Sidney — Satellite Communications — History and Future. Microwave Journal —
November 1978.

Horizon House — Microwave Inc. — Dedham, Ma.

Correction

Our December 1978 announcement on new prices for GTE Lenkurt
Demodulator loose leaf binders did not list the new international price.

The following prices went into effect April 1, 1979:

U.S., APO & FPO ADDRESSES .
ADDRESSES OUTSIDE OF U.S.

$ 2.50 ea.
$ 4.00 ea.

19



LENKURT Bulk Rate

1105 COUNTY ROAD U. S. Postage
SAN CARLOS, CALIFORNIA 94070 PAID
ADDRESS CORRECTION REQUESTED San Carlos, CA

Permit No. 37

CMsT000068014 1 '

MR, R H GLEICH

C M ST P RPRR f

gUTH 6TH 5T ) I
AVANNA 1L 61074 *k

GTE Lenkurt s

FT3 ' 828

Provides optical transmission of Immune to radio frequency inter-
DS3 signal at 44.736 Mb/s ference, electromagnetic induction

Standard DSX 3 electrical interface and impulse noise

Up to 672 vf channels per fiber Negligible crosstalk

pair » Cost-effective, reliable LED and

Losses as low as 3 dB per kilometer PIN diode technology

Provides up to six voice frequency

- ign f fut . . . .
Plug-in design for easy future circuits per fiber optic pair

expansion

T e e — — — gy

| VIDEO, VOICE & DATA
TRANSMISSION SYSTEMS

- oy w - -

The GTE Lenkurt Demodulator is circulated bimonthly to selected technicians, engineers and
managers employed by companies or government agencies who use and operate communica-
tions systems, and to educational institutions. Permission to reprint granted on request

LITHOINUSA.





