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ABSTRACT 

DURING the past few years, the importance of Digital Satellite
Communication, has increased rapidly. The accumulation of a vast body of
engineering literature in the various technical journals has accompanied the
design and development of digital system, and launch of satellite. There are
several objectives of this project; which are as fellows :

• Realising in details all about the History Of Digital Satellite
Communications.

• Understanding how to fix a satellite in its accurate orbit which is at a
constant distance from the earth.

• Covering the concepts of multiple access techniques.

• Dealing with the whole systems of Satellite Communications, such as
Earth Stations, Satellite Link, available antennas in this field and
Satellite Transponders, ETC.

• Studying several Digital Communication Techniques.

• Studying Time Division Multiple Access in details.
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CHAPTER! HISTORY OF SATELLITE COMMUNICATIONS 

1.1 HISTORY 

In 1945 ARTHUR CLARK wrote that satellite with a circular equatorial orbit at a correct

altitude of 35,786 km would make one revolution every 24 hour ;that is, it would rotate at

the same angular velocity as the earth. An observer looking at such a geostationary satellites

powered by solar energy could provide world wide communications for all possible types of

services. The "space race" and a sustained effort followed the 1957 launch of SPUTNIK 1

by the United States to catch up with the USSR. The first communications satellites to draw

widespread popular interest (because on clear nights they were visible to the naked eye)

were ECHO-I and II, launched by AT&T on August 12, 1960, and January 25,1964. These

were orbiting balloons 100 ft in diameter, which served as passive reflectors. As such, they

had no transponder batteries to run down, and they did not require a strict frequency

channellingof up-link signals to accommodate transponder input bands. On the other hand,

they operated like radar reflectors and incurred path losses that were proportional to the

fourth power of path length rather than to the square of path length as is the case with active

satellites. This as well as the available launch vehicles limited the ECHO's to very low orbits

with periods of 118 min for ECHO 1 and 108.8 min for ECHO 11. Low orbits meant that an

ECHO was in view of two widely separated earth stations for only a few minutes on each

pass. Power and antenna requirements were severe; a typical ECHO link from Bell

Laboratories in New Jersey to the Jet Propulsion Laboratory in California used 10 kW

transmitter at ends, an 85 ft dish in California, and a 60 ft dish in New Jersey. Typical

frequencieswere 960 MHz westbound and 2390 MHz eastbound.

In 1963 Congress passed the Communications Satellite Act.; establishing the

CommunicationsSatellite Co-operation (Comsat) and barring the Bell System from further

direct participation in satellite communications.While we will not go into the many

conflictingreasons why this should or should not have been done (the authors have friends

who are involved on all sides ofmatter), this caused considerable bitterness in the Bell
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System. Which had invested substantial resources in the ECHO and TELSTAR programs.

The Bell· engineers involved felt that, once their company proved that communications

satellites would work, the opportunity to profit by their investment was taken away and

given to someone else. Unhappiness over this situation persisted well into 1970s and the

restriction ultimately was lifted.

The first commercial geosynchronous satellite was INTELSAT 1 (first called EARLY

BIRD), developed by Comsat for Intelsat. launched April6, 1965, it remained active until

1969. Routine operation between the United States and Europe began on June 28, 1965, a

date that should be recognised as the birthday of commercial satellite communications. The

spacecraft had two 25 MHz bandwidth transponders with up-links centered at 6301 MHz

for Europe and 6390 MHz for the United States. U. S. receivers operated with a 4081 MHz

center frequency and the European down-links band was centered at 4161 MHz . With this

spacecraft the modern era of Satellite communications had begun.

1.2 SATELLITE COMMUNICATIONS EXPERIMENTS 

Among other fields space activity at this time, the USA carried out a series of

communication satellite experiments, involving NASA or the US Army, using passive

reflectors in space, such as the Echo and West Ford projects, and active relaying satellites,

such as Score and Courier. This programme, using active satellites, was continued by NASA

with the six satellites of Applications Technology Satellites (ATS) series with launching

running through the 1960s and was recently revived by the launch of Advanced

Communications Technology Satellite (ACTS) in 1993.

Syncom was another important early project, designed primarily to develop and refine

techniques for launching satellites into the GSO. The Hughes Aircraft Company supplied

three satellites. Syncom 1 was launched on 14 February 1963 into an orbit that was

approximately geosynchronous, with an orbital inclination of 3 3. 5° , but its communication

system failed in the final stages of orbit adjustment. Syncom 2 was launched on 26 July 1963
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into a more accurate geosynchronous orbit, its inclination was 33. l 0, and its communications

system remained functional. Syncom 3 was' highly successful being launched on 19 August

1994 into an almost geostationary orbit, approximately circular, its orbital period almost
exactly equal lo one Side real day and its inclination a mere O. I 0.
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CHAPTER2 SATELLITE COMMUNICATIONS 

2.1 INTRODUCTION 

Satellites (spacecraft) which orbit the earth follow the same laws that govern the motion

of the planets around the sun. From early times much has been learned about planetary

motion through careful observations. From these observations Johannes Kepler

(1571-1630) was able to derive empiricallythree laws describing planetary motion.

Later, in 1665, Sir Isaac Newton (1642-1727) was able to derive Kepler's laws from his

own laws of mechanics and develop the theory of gravitation. Kepler's laws apply quite

generally to any two bodies in space which interact through gravitation. The more

massive of the bodies is referred to as the primary, the other the secondary, or satellite.

• Satellite Communications networks are one of the most major telecommunications
system.

• Satellites have a unique capability for providing coverage over large geo-graphical
areas.

• The resulting interconnectivity between communications sources provides major

advantages in applications such as:

Telephone exchange , Mobile communications, Television and sound broadcasts directly
to the public.

•

2.2 SATELLITE ORBITS 

2.2.1 Geo-synchronous and Geo-stationary Orbits 

a. Basic Orbital Characteristics 

The Earth's sidereal period of rotation, that is, the time taken for one complete rotation

about its center of mass relative to the stellar background, is one sidereal day,

approximately 23 hours 6 minutes 4 seconds. If a satellite has a direct, circular orbit and

its period of revolution measured as above, is equal to one sidereal day, it will keep pace

with the turning Earth; that is, it is a geo-synchronous satellite. The radius of its orbit (rg)

will be 42164 km and its height above the earth's surface will be about 3 5786 km. If this

satellites daily Earth track (that is, the locus of the points on the earth's surface that are

verticallybelow the satellite at any instant) is traced, it will show a figure of eight pattern
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as sketched in Figure 2.1 (a)
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FIGURE 2.1 

The maximum extent of the pattern in degrees of latitude, north and south of the

equator, is equal to the angle of inclination of the orbit. Provided that the orbit is indeed

circular, the north-going track crosses the equator at the same longitude as the south

going track and the pattern is symmetrical about that central lino of longitude. However,

if the orbit is elliptical, the cross- over point of the north-going and south-going tracks is

no longer located in the equatorial plane and the pattern becomes asymmetrical; see for

example, Figure 2.1 (b).

The maximum spread of the pattern, east and west of the central line of longitude is

given by

Maximum spread =±arcsine (sin" 'hi I cos" 'hi ) 

The Geo-stationary satellite orbit (GSO), like other orbits, is unstable. There are orbital

perturbations that are tending all the time to change its period, inclination and shape from

the Geo-stationary parameter set.

lJ. Advantages 

The GSO is better for the most communication systems than any other orbit. The reasons

for this are:

1. Above all, one satellite can provide continuous links between earth stations. An

inclined gee-synchronous satellite can do this also, although the gee-graphical area that

can be served is more limited if the angle of inclination is large.

The disadvantages of using satellites with an orbital period of less than one sidereal day



for systems that are required to provide continuous connections.

2. The gain and radiation pattern of satellite antennas can be optimized, so that the geo­

graphical area illuminated by the beam, called the footprint, can be matched accurately to

the service area, yielding significant benefits .

3. The geo-graphical area visible from the satellite, and therefore potentially accessible

for communication, is very large; see Figure 2.2 the diameter of the area with in which

the angle of elevation a of a geo-stationary satellite is greater than 5° is about 19960

km.

4. If the orbit is accurately geo-stationary, earth station antennas of considerable gain can

be used without automatic satellite tracking reducing equipment cost and minimizing the

operational attention required.

5. The frequency assignment used in different geo-stationary satellite networks can be

coordinated efficiently, the satellite footprints can be matched to the service areas, and

earth station antennas usually have high again.

•

c. Disadvantages 

1. A satellite link from earth to station via a geo-stationary satellite is very long.

2. As can be seen from Figure 2.2 the angle of elevation of the satellite as seen from

earth stations in high latitudes is quite low, leading at times to degraded radio

propagation and possible obstruction by hills, buildings, and so on.

FIGURE 2.2 
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d. Perturbations Of Geo-stationary Orbits 

The drag of the atmosphere on a satellite in a 24-hour circular orbit is negligible.

However, there are three kinds of orbital perturbation, which tend to move the

parameters of the orbit of geo-stationary satellite away from the nominal values. They

are the gravitational effect of irregularities of the Earth's figure, the gravitational

attraction of the Sun and Moon and solar radiation pressure.

2.2.2 Inclined Elliptical Orbits 

a. Basic Orbital Characteristics 

The shape of an ellipse is characterized by its eccentricity €, where:

E = (1- b2 I a") Y, 

and a and b are the semi- major and semi-minor axes of the ellipse. There are two foci

located on the major axis and separated from the origin of the ellipse by distance c,

where

•

For an Earth satellite with an elliptical orbit, one of the foci is located at Q, the center of

mass of the Earth. The points on the orbit where the satellite is most and least distance

from the Earth are called the apogee and the perigee respectively. The greatest and least

distances from the surface of the earth, the altitudes of apogee and perigee ha and hp, are

given by

ha = a( I + E ) - RE

and

hr = a( 1- E) - RE

E = (1- b2/a2t
a, b are semi - major and semi-minor axes of the ellipse .1 These various terms are

illustrated in Figure 2.3

7



FIGURE2.3 

A satellite is perfectly circular orbit has uniform speed round that orbit, but the speed of

motion of a satellite in an elliptical orbit varies. As the satellite moves from apogee to

perigee its potential energy falls and its kinetic energy, as revealed by its speed, rises.

Correspondingly, the potential energy rises and the speed fails as the satellite moves from

perigee to apogee. This variation of speed is conventially expressed in the form of

Kepler's second law of planetary motion. This states that each planetary motion. This

states that each planet moves in such a way that a line joining it to the Sun would sweep

out equal areas in equal periods of time. Thus in Figure (2.4), if the time taken by the

satellite to move from N to M is the same as for the journey from K to J, then the sectors

KOJ and NOM are equal in area and the ratio of the satellite speeds at the midpoints of

the arcs NM and KJ (vı, vs ) is related to the ratio of the distances of those midpoints to

the center of mass of the Earth (L, h).

FIGURE 2.4 
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b. Perturbations Of Inclined Elliptical Orbits 

The gravitational attraction of the Sun and the Moon and the pressure of solar radiation

on the satellite body affect satellites with inclined elliptical orbits in much time the same

way as they affect geo-stationary satellites. However, these effects are small compared

with the effect of the oblateness of the Earth on the argument of perigee . Moreover,

some elliptical orbits, having a quite small height at perigee, suffer considerable orbit

modification through aerodynamic drag.

c. The Earth Coverage Of Satellites In Elliptical Orbits 

Satellite in orbits of substantial eccentricity spend most of each orbital period at a high

altitude, close to the height of their apogee, from which they can cover a large footprint.

In general they are of little use at low altitude, near to perigee. The systems that might

find such orbits ofvalue are national or regional in coverage rather than global. Thus it is

necessary to choose an orbital period and to control precession of the argument of

perigee to stabilize the Earth track, to ensure that the point on the Earth directly beneath

the apogee should be consistently located at an appropriate point in the service area.

d. High Latitude Coverage 

A point on the surface of the Earth sweeps through right ascension at a constant rate of

approximately 3600 /24 = 15° per hour. A satellite in a direct elliptical orbit with period

of T (hours) sweeps through right ascension in the same direction as the earth and at an

average rate of 360°/ T per hour, although the rate will be considerably less than the

average near apogee and more than the average near perigee . The Earth track of the

Molniya orbit, centered as an example on longitude 0°, is sketched in Figure 2.5 . The

satellite passes through apogee twice each day, at about the same location in the celestial

frame of reference. At each apogee the satellite is seen from the Earth's surface to be

within a few degrees of a central point around latitude 60° N and, for this Example, at

longitude 0° or 180° for a period of about eight hours.
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e. Short Orbital Period 

Satellite in circular orbits with height above the Earth of 8000 km have an orbital period

of 4. 7 hours; 12 satellites in phased orbits might be needed to provide continuous

coverage of a service area that is continental in extent. A satellite with an elliptical orbit

having a period of two hours might also have a height above the Earth's surface at

apogee of 8000 km, depending on the eccentricity of its orbits.

f. Medium- Altitude Orbits 

Geo-stationary satellites have great advantages for communications applications where

polar coverage is not required. In the early days of satellite communication, it was feared

that one-way transmission times exceeding 250 ms might be an unacceptable impediment

to telephone conversation. Geo-stationary satellite seems likely to continue to dominate

satellite communications with high- capacity links between fixed points. However, there

has recently been a revival of interest in using medium-altitude orbits for serving mobile

Earth stations, because, compared with the GSO, the transmission loss is lower.

It is fortunate that the GSO has been found acceptable for trunk telecommunications.

because tile use of lower orbits such as MEO's for this purpose would involve major

additional problems and costs.
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2.2.3 Orbital Perturbations For MEO's And LEO's

Satellite in medium-altitude or low circular orbits is, of course, subject to ORBITAL

PERTURBATIONS. For very low orbits, the aerodynamic drag is likely to be

significant. However, some of the other perturbations, such as precession of the

argument of perigee, resolve to zero if the orbit is circular or polar. In general, a

perturbation is unlikely to have a serious effect on the operation of a multi-satellite

constellation since it will usually affect all the satellites of the constellation in equal

measure.

2.2.4 Low Earth Orbits(LEO) Systems

Satellite with altitudes in the approximate range of 100-1000 miles is referred to as Low

Earth Orbit (LEO). They circle the earth every few hours. In the following pages we are

going to show two examples of satellite mobile service systems, Iridium and Global-Star

systems, which are considered as LEO systems.

2.2.5 The Iridium System

Engineers at Motorola's satellite communication division in 1987 originated the iridium

concept. Originally envisioned as consisting of 77 satellites in low earth orbit, the name

Iridiumwas adopted by analogy with the element Iridium, which has 77 orbital electrons.

Further studies led to a revised constellation plan requiring only 66 satellites. Because of

the international character of satellite communications, an international consortium of

telecommunications operator and industrial companies, called Iridium Inc., was formed

to implement and manage the Iridium system .

Description Of The System

The system consists of six orbital planes, each containing 11 active satellite. The orbits

are circular at height of 783 km. Pro-grade orbits are used, the inclinationbeing 86°. The

11 satellites in any given plane are uniformly spaced, the normal spacing being 32.7°. An

in-orbit spare is availablefor each plane at an orbit 130 km lower in orbital plane.
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FIGURE 2.6

The satellite travels in co-rotating planes that they travel up one side of the earth cross

over near the north pole, then travel down the other side . Since there are 11 equi-spaced

satellites in each plane, it will be seen that the entire earth is continuously covered. The

satellites in adjacent plane travel out of phase Figure (2.6), collision avoidance is built

into the orbital planning, and the closest approach between satellites is 223 km. Satellites

in planes 1,3 and 5 cross the equator in synchronizationwhile satellites in plane 2,4 and 6

also cross in synchronizationbut of phase with those in planes 1. 3 and 5. The separation

between planes is 31.6°, which allows 22° separation between the first and last planes.

The closer separation is needed because the earth coverage under the counter rotating

"seam" is not as efficient as it under the co-rotating seams. There are two-way

communication links between satellites as shown in Figure (2.6), ahead and front, and to

the satellites in adjacent planes. The up/down links between subscribers and satellites

take place in the L-band. A 48-beam antenna pattern is used from each satellite. with

each beam under separate control. The orbital period is approximately 100 min., and

taking an average value of 6371 km for the earth's radius. the surface speed is 2x 6371x

n/100 ~ 400 km/min or just over the 15,000 mile/hour. The 48 cell pattern and earth

coverage is shown in Figure (2.8).




