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FOREWORD

This book has been written to provide adequate knowledge on Sa-
tellite Communication.. The materials available with the listed reference 
books ave a significant impact on this book.  

The book uses plain, lucid language to explain fundamentals. The 
book provides logical method of explaining various complicated con-
cepts and stepwise methods to explain the important topics. Each chap-
ter is well supported with necessary illustrations, practical examples and 
solved problems. All  the chapters in the book are arranged in a proper 
sequence that permits each topic to build upon earlier studies. All  care 
has been taken to make students comfortable in understanding the basic 
concepts of the subject.

The book not only covers the entire scope of the subject but expla-
ins the philosophy of the subject. This makes the understanding of this 
subject more clear and makes it more interesting. The book will be very 
useful not only to the students but also to the subject teachers.

I gratefully acknowledge our family members, well wishers, stu-
dents and friends for their moral support in bringing out this book.

Finally I wholeheartedly thank the ALMIGHTY whose blessings 
made the book to be possible.

Prof. Dr. Hari Krishnan GOPAKUMAR 
 Prof. Dr. Ashok JAMMI
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UNIT I.   
SATELLITE ORBITS

INTRODUCTION to SATELLITE COMMUNICATION
In telecommunications, the use of artificial satellites to provide 

communication links between various points on Earth. Satellite com-
munications play a vital role in the global telecommunications system. 
Approximately 2,000 artificial satellites orbiting Earth relay analog and 
digital signals carrying voice, video, and data to and from one or many 
locations worldwide.

Satellite communication has two main components: the ground seg-
ment, which consists of fixed or mobile transmission, reception, and an-
cillary equipment, and the space segment, which primarily is the satellite 
itself. A typical satellite link involves the transmission or uplinking of a 
signal from an Earth station to a satellite. The satellite then receives and 
amplifies the signal and retransmits it back to Earth, where it is received 
and reamplified by Earth stations and terminals. Satellite receivers on 
the ground include direct-to-home (DTH) satellite equipment, mobile 
reception equipment in aircraft, satellite telephones, and handheld de-
vices.

The first practical concept of satellite communication was proposed 
by 27-year-old Royal Air Force officer Arthur C. Clarke in a paper ti-
tled “Extra-Terrestrial Relays: Can Rocket Stations Give World-wide Ra-
dio Coverage?” published in the October 1945 issue of Wireless World. 
Clarke, who would later become an accomplished science fiction writer, 
proposed that a satellite at an altitude of 35,786 km (22,236 miles) above 
Earth’s surface would be moving at the same speed as Earth’s rotation. 
At this altitude the satellite would remain in a fixed position relative to a 
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point on Earth. This orbit, now called a “geostationary orbit,” is ideal for 
satellite communications, since an antenna on the ground can be pointed 
to a satellite 24 hours a day without having to track its position. Clarke 
calculated in his paper that three satellites spaced equidistantly in geo-
stationary orbit would be able to provide radio coverage that would be 
almost worldwide with the sole exception of some of the Polar Regions.

The first artificial satellite, Sputnik 1, was launched successfully by 
the Soviet Union on October 4, 1957. Sputnik 1 was only 58 cm (23 inch-
es) in diameter with four antennas sending low-frequency radio signals 
at regular intervals. It orbited Earth in an elliptical orbit, taking 96.2 
minutes to complete one revolution. It transmitted signals for only 22 
days until its battery ran out and was in orbit for only three months, but 
its launch sparked the beginning of the space race between the United 
States and the Soviet Union.

The first satellite to relay voice signals was launched by the U.S. 
government’s Project SCORE (Signal Communication by Orbiting Re-
lay Equipment) from Cape Canaveral, Florida, on December 19, 1958. 
It broadcast a taped message conveying “peace on earth and goodwill 
toward men everywhere” from U.S. Pres. Dwight D. Eisenhower.

American engineers John Pierce of American Telephone and Tele-
graph Company’s (AT&T’s) Bell Laboratories and Harold Rosen of 
Hughes Aircraft Company developed key technologies in the 1950s and 
’60s that made commercial communication satellites possible. Pierce out-
lined the principles of satellite communications in an article titled “Or-
bital Radio Relays” published in the April 1955 issue of Jet Propulsion. 
In it he calculated the precise power requirements to transmit signals to 
satellites in various Earth orbits. Pierce’s main contribution to satellite 
technology was the development of the traveling wave tube amplifier, 
which enabled a satellite to receive, amplify, and transmit radio signals. 
Rosen developed spin-stabilization technology that provided stability to 
satellites orbiting in space.

When the U.S. National Aeronautics and Space Administration 
(NASA) was established in 1958, it embarked on a program to develop 
satellite technology. NASA’s first project was the Echo 1 satellite that 
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was developed in coordination with AT&T’s Bell Labs. Pierce led a team 
at Bell Labs that developed the Echo 1 satellite, which was launched on 
August 12, 1960. Echo 1 was a 30.5-metre (100-foot) aluminum-coated 
balloon that contained no instruments but was able to reflect signals 
from the ground. Since Echo 1 only reflected signals, it was considered 
a passive satellite. Echo 2, managed by NASA’s Goddard Space Flight 
Center in Beltsville, Maryland, was launched on January 25, 1964. After 
Echo 2, NASA abandoned passive communications systems in favour of 
active satellites. The Echo 1 and Echo 2 satellites were credited with im-
proving the satellite tracking and ground station technology that was to 
prove indispensable later in the development of active satellite systems.

Pierce’s team at Bell Labs also developed Telstar 1, the first active 
communications satellite capable of two-way communications. Telstar 
1 was launched into low Earth orbit on July 10, 1962, by a Delta rocket. 
NASA provided the launch services and some tracking and telemetry 
support. Telstar 1 was the first satellite to transmit live television images 
between Europe and North America. Telstar 1 also transmitted the first 
phone call via satellite—a brief call from AT&T chairman Frederick Kap-
pel transmitted from the ground station in Andover, Maine, to U.S. Pres. 
Lyndon Johnson in Washington, D.C.

Rosen’s team at Hughes Aircraft attempted to place the first satel-
lite in geostationary orbit, Syncom 1, on February 14, 1963. However, 
Syncom 1 was lost shortly after launch. Syncom 1 was followed by the 
successful launch of Syncom 2, the first satellite in a geosynchronous or-
bit (an orbit that has a period of 24 hours but is inclined to the Equator), 
on July 26, 1963, and Syncom 3, the first satellite in geostationary orbit, 
on August 19, 1964. Syncom 3 broadcast the 1964 Olympic Games from 
Tokyo, Japan, to the United States, the first major sporting event broad-
cast via satellite.

The successful development of satellite technology paved the way 
for a global communications satellite industry. The United States spear-
headed the development of the satellite communications industry with 
the passing of the Communications Satellite Act in 1962. The act autho-
rized the formation of the Communications Satellite Corporation (Com-
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sat), a private company that would represent the United States in an 
international satellite communications consortium called Intelsat.

Intelsat was formed on August 20, 1964, with 11 signatories to the 
Intelsat Interim Agreement. The original 11 signatories were Austria, 
Canada, Japan, the Netherlands, Norway, Spain, Switzerland, the Unit-
ed Kingdom, the United States, the Vatican, and West Germany.

On April 6, 1965, the first Intelsat satellite, Early Bird (also called 
Intelsat 1), was launched; it was designed and built by Rosen’s team at 
Hughes Aircraft Company. Early Bird was the first operational commer-
cial satellite providing regular telecommunications and broadcasting 
services between North America and Europe. Early Bird was followed 
by Intelsat 2B and 2D, launched in 1967 and covering the Pacific Ocean 
region, and Intelsat 3 F-3, launched in 1969 and covering the Indian 
Ocean region. Intelsat’s satellites in geostationary orbit provided nearly 
global coverage, as Arthur C. Clarke had envisioned 24 years earlier. 
Nineteen days after Intelsat 3 F-3 was placed over the Indian Ocean, the 
landing of the first human on the Moon on July 20, 1969, was broadcast 
live through the global network of Intelsat satellites to over 600 million 
television viewers.

The Soviet Union continued its development of satellite technology 
with the Molniya series of satellites, which were launched in a highly el-
liptical orbit to enable them to reach the far northern regions of the coun-
try. The first satellite in this series, Molniya 1, was launched on April 23, 
1965. By 1967 six Molniya satellites provided coverage throughout the 
Soviet Union. During the 50th anniversary of the Soviet Union on Octo-
ber 1, 1967, the annual parade in Red Square was broadcast nationwide 
via the Molniya satellite network. In 1971 the Intersputnik International 
Organization of Space Communications was formed by several commu-
nist countries, led by the Soviet Union.

The potential application of satellites for development and their abil-
ity to reach remote regions led other countries to build and operate their 
own national satellite systems. Canada was the first country after the 
Soviet Union and the United States to launch its own communications 
satellite, Anik 1, on November 9, 1972. This was followed by the launch 
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of Indonesia’s Palapa 1 satellite on July 8, 1976. Many other countries 
followed suit and launched their own satellites.

WORKING of SATELLITES
A satellite is basically a self-contained communications system with 

the ability to receive signals from Earth and to retransmit those signals 
back with the use of a transponder—an integrated receiver and trans-
mitter of radio signals. A satellite has to withstand the shock of being 
accelerated during launch up to the orbital velocity of 28,100 km (17,500 
miles) an hour and a hostile space environment where it can be subject 
to radiation and extreme temperatures for its projected operational life, 
which can last up to 20 years. In addition, satellites have to be light, as 
the cost of launching a satellite is quite expensive and based on weight. 
To meet these challenges, satellites must be small and made of light-
weight and durable materials. They must operate at a very high reliabil-
ity of more than 99.9 percent in the vacuum of space with no prospect of 
maintenance or repair.

The main components of a satellite consist of the communications 
system, which includes the antennas and transponders that receive and 
retransmit signals, the power system, which includes the solar panels 
that provide power, and the propulsion system, which includes the 
rockets that propel the satellite. A satellite needs its own propulsion sys-
tem to get itself to the right orbital location and to make occasional cor-
rections to that position. A satellite in geostationary orbit can deviate up 
to a degree every year from north to south or east to west of its location 
because of the gravitational pull of the Moon and Sun. A satellite has 
thrusters that are fired occasionally to make adjustments in its position. 
The maintenance of a satellite’s orbital position is called “station keep-
ing,” and the corrections made by using the satellite’s thrusters are called 
“attitude control.” A satellite’s life span is determined by the amount of 
fuel it has to power these thrusters. Once the fuel runs out, the satellite 
eventually drifts into space and out of operation, becoming space debris.

A satellite in orbit has to operate continuously over its entire life 
span. It needs internal power to be able to operate its electronic systems 
and communications payload. The main source of power is sunlight, 
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which is harnessed by the satellite’s solar panels. A satellite also has bat-
teries on board to provide power when the Sun is blocked by Earth. The 
batteries are recharged by the excess current generated by the solar pan-
els when there is sunlight.

Satellites operate in extreme temperatures from −150 °C (−238 °F) to 
150 °C (300 °F) and may be subject to radiation in space. Satellite compo-
nents that can be exposed to radiation are shielded with aluminum and 
other radiation-resistant material. A satellite’s thermal system protects 
its sensitive electronic and mechanical components and maintains it in 
its optimum functioning temperature to ensure its continuous operation. 
A satellite’s thermal system also protects sensitive satellite components 
from the extreme changes in temperature by activation of cooling mech-
anisms when it gets too hot or heating systems when it gets too cold.

The tracking telemetry and control (TT&C) system of a satellite is 
a two-way communication link between the satellite and TT&C on the 
ground. This allows a ground station to track a satellite’s position and 
control the satellite’s propulsion, thermal, and other systems. It can also 
monitor the temperature, electrical voltages, and other important pa-
rameters of a satellite.

Communication satellites range from microsatellites weighing less 
than 1 kg (2.2 pounds) to large satellites weighing over 6,500 kg (14,000 
pounds). Advances in miniaturization and digitalization have substan-
tially increased the capacity of satellites over the years. Early Bird had 
just one transponder capable of sending just one TV channel. The Boeing 
702 series of satellites, in contrast, can have more than 100 transpon-
ders, and with the use of digital compression technology each transpon-
der can have up to 16 channels, providing more than 1,600 TV channels 
through one satellite.

Satellites operate in three different orbits: low Earth orbit (LEO), 
medium Earth orbit (MEO), and geostationary or geosynchronous or-
bit (GEO). LEO satellites are positioned at an altitude between 160 km 
and 1,600 km (100 and 1,000 miles) above Earth. MEO satellites operate 
from 10,000 to 20,000 km (6,300 to 12,500 miles) from Earth. (Satellites do 
not operate between LEO and MEO because of the inhospitable environ-
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ment for electronic components in that area, which is caused by the Van 
Allen radiation belt.) GEO satellites are positioned 35,786 km (22,236 
miles) above Earth, where they complete one orbit in 24 hours and thus 
remain fixed over one spot. As mentioned above, it only takes three GEO 
satellites to provide global coverage, while it takes 20 or more satellites 
to cover the entire Earth from LEO and 10 or more in MEO. In addition, 
communicating with satellites in LEO and MEO requires tracking an-
tennas on the ground to ensure seamless connection between satellites.

A signal that is bounced off a GEO satellite takes approximately 0.22 
second to travel at the speed of light from Earth to the satellite and back. 
This delay poses some problems for applications such as voice services 
and mobile telephony. Therefore, most mobile and voice services usual-
ly use LEO or MEO satellites to avoid the signal delays resulting from 
the inherent latency in GEO satellites. GEO satellites are usually used 
for broadcasting and data applications because of the larger area on the 
ground that they can cover.

Launching a satellite into space requires a very powerful multistage 
rocket to propel it into the right orbit. Satellite launch providers use 
proprietary rockets to launch satellites from sites such as the Kennedy 
Space Center at Cape Canaveral, Florida, the Baikonur Cosmodrome in 
Kazakhstan, Kourou in French Guiana, Vandenberg Air Force Base in 
California, Xichang in China, and Tanegashima Island in Japan. The U.S. 
space shuttle also has the ability to launch satellites.

Satellite communications use the very high-frequency range of 1–50 
gigahertz (GHz; 1 gigahertz = 1,000,000,000 hertz) to transmit and re-
ceive signals. The frequency ranges or bands are identified by letters: (in 
order from low to high frequency) L-, S-, C-, X-, Ku-, Ka-, and V-bands. 
Signals in the lower range (L-, S-, and C-bands) of the satellite frequency 
spectrum are transmitted with low power, and thus larger antennas are 
needed to receive these signals. Signals in the higher end (X-, Ku-, Ka-, 
and V-bands) of this spectrum have more power; therefore, dishes as 
small as 45 cm (18 inches) in diameter can receive them. This makes the 
Ku-band and Ka-band spectrum ideal for direct-to-home (DTH) broad-
casting, broadband data communications, and mobile telephony and 
data applications.
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The International Telecommunication Union (ITU), a specialized 
agency of the United Nations, regulates satellite communications. The 
ITU, which is based in Geneva, Switzerland, receives and approves appli-
cations for use of orbital slots for satellites. Every two to four years the ITU 
convenes the World Radio Communication Conference, which is respon-
sible for assigning frequencies to various applications in various regions of 
the world. Each country’s telecommunications regulatory agency enforces 
these regulations and awards licenses to users of various frequencies. In 
the United States the regulatory body that governs frequency allocation 
and licensing is the Federal Communications Commission.

A satellite communications system uses satellites to relay radio 
transmissions between earth terminals. The two types of communica-
tions satellites you will study are ACTIVE and PASSIVE. A passive sat-
ellite only reflects received radio signals back to earth. An active satellite 
acts as a REPEATER; it amplifies signals received and then retransmits 
them back to earth. This increases signal strength at the receiving ter-
minal to a higher level than would be available from a passive satellite. 

A typical operational link involves an active satellite and two or 
more earth terminals. One station transmits to the satellite on a frequen-
cy called the UP-LINK frequency. The satellite then amplifies the signal, 
converts it to the DOWN-LINK frequency, and transmits it back to earth. 
The signal is next picked up by the receiving terminal.

The basic design of a satellite communications system depends to 
a great degree upon the characteristics of the orbit of the satellite. In 
general terms, an orbit is either elliptical or circular in shape. A special 
type of orbit is a SYNCHRONOUS ORBIT. In this type you will find the 
period (time required for one revolution) of the orbit the same as that of 
the earth. An orbit that is not synchronous is called ASYNCHRONOUS. 
A period of orbit that approaches that of the earth is called NEAR SYN-
CHRONOUS (sub synchronous). Orbits are discussed in more detail lat-
er in this chapter. 

ORBIT DESCRIPTIONS 
Orbits generally are described according to the physical shape of the 

orbit and the angle of inclination of the plane of the orbit. These terms 
are discussed in the following paragraphs: 
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PHYSICAL SHAPE 
 All satellites orbit the earth in elliptical orbits. (A circle is a special 

case of an ellipse.) The shape of the orbit is determined by the initial 
launch parameters and the later deployment techniques used. 

PERIGEE and APOGEE are two, of the three parameters used to de-
scribe orbital data of a satellite. These are shown on figure 4-2. Perigee 
is the point in the orbit nearest to the center of the earth. Apogee is the 
point in the orbit the greatest distance from the center of the earth. Both 
distances are expressed in nautical miles. 

Figure 1.  Elliptical Satellite Orbit.

ANGLE of INCLINATION
 The ANGLE of INCLINATION (angle between the equatorial plane 

of the earth and the orbital plane of the satellite) is the third parameter 
used to describe the orbit data of a satellite. Figure 1.2 depicts the angle 
of inclination between the equatorial plane and the orbital plane. Most 
satellites orbit the earth in orbital planes that do not coincide with the 
equatorial plane of the earth. A satellite orbiting in any plane not identi-
cal with the equatorial plane is in an INCLINED ORBIT. 
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Figure 1.1. Inclined Satellite.

The inclination of the orbit determines the area covered by the path 
of the satellite. As shown in figure 1.2, the greater the inclination, the 
greater the amount of surface area covered by the satellite.

Figure 1.2. Effect of Orbit Plane Inclination on Satellite Coverage.

SPECIAL TYPES of INCLINED ORBITS
A satellite orbiting in a plane that coincides with the equatorial plane 

of the earth is in an EQUATORIAL ORBIT. A satellite orbiting in an in-
clined orbit with an angle of inclination of 90 degrees or near 90 degrees 
is in a POLAR ORBIT. 
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SPECIAL TYPES of CIRCULAR ORBITS
 We stated previously that a circular orbit is a special type of ellip-

tical orbit. You should realize a circular orbit is one in which the major 
and minor axis distances are equal or approximately equal. Mean height 
above earth, instead of perigee and apogee, is used in describing a cir-
cular orbit. While we are discussing circular orbits, you should look at 
some of the terms mentioned earlier in this chapter. A satellite in a cir-
cular orbit at a height of approximately 19,300 nautical miles above the 
earth is in a synchronous orbit. At this altitude the period of rotation of 
the satellite is 24 hours, the same as the rotation period of the earth. In 
other words, the orbit of the satellite is in sync with the rotational motion 
of the earth. Although inclined and polar synchronous orbits are pos-
sible, the term synchronous usually refers to a synchronous equatorial 
orbit. In this type of orbit, satellites appear to hover motionlessly in the 
sky. Figure 1.3 shows how one of these satellites can provide coverage to 
almost half the surface of the earth. 

Figure 1.3. Illumination From a Synchronous Satellite.

Three of these satellites can provide coverage over most of the earth 
(except for the extreme north and south Polar Regions). A satellite in a 
circular orbit at other than 19,300 nautical miles above the earth is in a 
near-synchronous orbit. If the orbit is lower than 19,300 nautical miles, 
the period of orbit of the satellite is less than the period of orbit of the 
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earth. The satellite then appears to be moving slowly around the earth 
from west to east. (This type of orbit is also called sub synchronous.) 
If the orbit is higher than 19,300 nautical miles, the period of orbit of 
the satellite is greater than the period of orbit of the earth. The satellite 
then appears to be moving slowly around the earth from east to west. 
Although inclined and polar near-synchronous orbits are possible, near 
synchronous implies an equatorial orbit. 

A satellite in a circular orbit from approximately 2,000 miles to 12,000 
miles above the earth is considered to be in a MEDIUM ALTITUDE OR-
BIT. The period of a medium altitude satellite is considerably less than 
that of the earth. When you look at this altitude satellite, it appears to 
move rather quickly across the sky from west to east. 

Satellites are specifically made for telecommunication purpose. 
They are used for mobile applications such as communication to ships, 
vehicles, planes, hand -held terminals and for TV and radio broadcast-
ing.

They are responsible for providing these services to an assigned re-
gion (area) on the earth. The power and bandwidth of these satellites 
depend upon the preferred size of the footprint, complexity of the traffic 
control protocol schemes and the cost of ground stations.

A satellite works most efficiently when the transmissions are focused 
with a desired area. When the area is focused, then the emissions don’t 
go outside that designated area and thus minimizing the interference to 
the other systems. This leads more efficient spectrum usage.

ADVANTAGES of SATELLITE COMMUNICATIONS 
Satellite communications have unique advantages over conven-

tional long distance transmissions. Satellite links are unaffected by the 
propagation variations that interfere with hf radio. They are also free 
from the high attenuation of wire or cable facilities and are capable of 
spanning long distances. The numerous repeater stations required for 
line-of-sight or tropo scatter links are no longer needed. They furnish 
the reliability and flexibility of service that is needed to support a mil-
itary operation. 
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Capacity 
The present military communications satellite system is capable of 

communications between backpack, airborne, and shipboard terminals. 
The system is capable of handling thousands of communications chan-
nels. 

Reliability 
Communications satellite frequencies are not dependent upon re-

flection or refraction and are affected only slightly by atmospheric phe-
nomena. The reliability of satellite communications systems is limited 
only by the equipment reliability and the skill of operating and mainte-
nance personnel. 

Vulnerability 
Destruction of an orbiting vehicle by an enemy is possible. How-

ever, destruction of a single communications satellite would be quite 
difficult and expensive. The cost would be excessive compared to the 
tactical advantage gained. It would be particularly difficult to destroy 
an entire multiple-satellite system such as the twenty-six random-orbit 
satellite system currently in use. The earth terminals offer a more attrac-
tive target for physical destruction. These can be protected by the same 
measures that are taken to protect other vital installations. 

A high degree of freedom from jamming damage is provided by the 
highly directional antennas at the earth terminals. The wide bandwidth 
system that can accommodate sophisticated anti-jam modulation tech-
niques also lessens vulnerability. 

Flexibility 
Most operational military satellite earth terminals are housed in 

transportable vans. These can be loaded into cargo planes and flown to 
remote areas. With trained crews these terminals can be put into opera-
tion in a matter of hours. Worldwide communications can be established 
quickly to remote areas nearly anywhere in the free world. 
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SATELLITE LIMITATIONS 
Limitations of a satellite communications system are determined by 

the technical characteristics of the satellite and its orbital parameters. Ac-
tive communications satellite systems are limited by two things. Satellite 
transmitter power on the down links and receiver sensitivity on the up 
links. Some early communications satellites have been limited by low-
gain antennas. 

Power 
The amount of power available in an active satellite is limited by the 

weight restrictions imposed on the satellite. Early communications sat-
ellites were limited to a few hundred pounds because of launch-vehicle 
payload restraints. The only feasible power source is the inefficient so-
lar cell. (Total power generation in the earlier satellites was less than 50 
watts.) As you can see, the rf power output is severely limited; therefore, a 
relatively weak signal is transmitted by the satellite on the down link. The 
weak transmitted signal is often reduced by propagation losses. This re-
sults in a very weak signal being available at the earth terminals. The level 
of signals received from a satellite is comparable to the combination of 
external atmospheric noise and internal noise of standard receivers. Spe-
cial techniques must be used to extract the desired information from the 
received signal. Large, high-gain antennas and special types of preampli-
fiers solve this problem but add complexity and size to the earth terminal. 
(The smallest terminal in the defense communication systems network 
has effectively an 18-foot antenna and weighs 19,500 pounds.) Develop-
ment of more efficient power sources and relaxation of weight restrictions 
have permitted improved satellite performance and increased capacity. 

Receiver Sensitivity 
Powerful transmitters with highly directional antennas are used at 

earth stations. Even with these large transmitters, a lot of signal loss oc-
curs at the satellite. The satellite antenna receives only a small amount of 
the transmitted signal power. A relatively weak signal is received at the 
satellite receiver. This presents little problem as the strength of the signal 
received on the up link is not as critical as that received on the down link. 
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The down-link signal is critical because the signal transmitted from the 
satellite is very low in power. Development of high-gain antennas and 
highly sensitive receivers have helped to solve the down-link problem. 

Availability 
The availability of a satellite to act as a relay station between two 

earth terminals depends on the locations of the earth terminals and the 
orbit of the satellite. All satellites, except those in a synchronous orbit, 
will be in view of any given pair of earth stations only part of the time. 
The length of time that a non synchronous satellite in a circular orbit will 
be in the ZONE of MUTUAL VISIBILITY (the satellite can be seen from 
both terminals) depends upon the height at which the satellite is circling. 
Elliptical orbits cause the satellite zone of mutual visibility between any 
two earth terminals to vary from orbit to orbit. These times of mutual 
visibility are predictable. 

SATELLITE CHARACTERISTICS 
Early communications satellites were limited in size to the diameter 

of the final stage of the rocket that was used for launching. Weight was 
determined by the thrust of the rocket motors and the maximum weight 
the rocket could lift into orbit. 

As early as June 1960, two satellites were successfully placed in or-
bit by the same launch vehicle. With the development of multi launch 
capability, added flexibility became available. We then had choices as to 
the size, weight, and number of satellites to be included in each launch. 

Using the multi launch capabilities, the Defense Satellite Commu-
nications System (DSCS) has placed larger and heavier satellites in syn-
chronous equatorial orbits. Early communications satellites were severe-
ly limited by the lack of suitable power sources. This severely limited 
the output power of the satellite transmitter. The only source of power 
available within early weight restrictions was a very inefficient panel of 
solar cells without battery backup. A major disadvantage of this type of 
power source is that the satellite has no power when it is in ECLIPSE 
(not in view of the sun). For continuous communications, this outage is 
unacceptable. 
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A combination of solar cells and storage batteries is a better prime 
power source. This is a practical choice, even though the result is far 
from an ideal power source. About ten percent of the energy of the sun-
light that strikes the solar cells is converted to electrical power. This low 
rate is sometimes decreased even further. You find this when the solar 
cells are bombarded by high-energy particles that are sometimes found 
in space. 

Early satellites had over 8,500 solar cells mounted on the surface of 
the satellite, which supplied about 42 watts of power. No battery backup 
was provided in these satellites. 

Newer communications satellites have about 32,000 solar cells 
mounted on the surface of the satellite, and they supply about 520 watts. 
A nickel cadmium battery is used for backup power during eclipses. 

Nuclear power sources have been used in space for special purpos-
es, but their use stops there. Technology has not progressed sufficiently 
for nuclear power sources to be used as a power source. 

Satellite Orientation 
Satellite orientation in space is important for continuous solar cell 

and antenna orientation. Since the primary source of power in most 
satellites is from solar cells, a maximum number of the solar cells must 
be exposed to the sun at all times. The satellite antenna must also be 
pointed at the appropriate earth terminals. Our communications sat-
ellites use what is termed spin stabilization to meet these important 
requirements. 

Spin stabilization operates on the principle that direction of the spin 
axis of a rotating body tends to remain fixed in space. An example of 
spin stabilization is the effect of the rotation of the earth in keeping its 
axis fixed in space. A satellite that has a spin axis parallel to the axis of 
the earth will maintain this position since both axes are fixed in space. 
Figure 4-8 illustrates the use of this principle. It depicts an equatorial 
orbit satellite used to keep a doughnut-shaped antenna pattern pointing 
toward the earth. 
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Figure 1.4. Spin-Stabilized Satellite Antenna Pattern.

Once the system is in motion, spin stabilization requires virtually no 
additional energy. A spin-stabilized satellite is usually constructed like 
a flywheel. Its heavier equipment is mounted in the same plane and as 
close to the outside surface as possible. 

After reaching its orbit, the radial jets are pulsed to start the satellite 
spinning. The satellite spin axis is orientated to the axis of the earth by 
means of small axial jets. Velocity jets are used to place the satellite in 
orbit position and provide velocity correction.

Solar cells are installed around the outside surface of a spin-stabi-
lized satellite. This gives you a large number of solar cells exposed to 
the sun at all times (except when the satellite is in eclipse). The use of 
omnidirectional antennas causes a small part of the total radiated energy 
to be directed toward the earth at all times. 

Omnidirectional antennas radiate only a small amount of energy to-
ward the earth. Many techniques have been tried to achieve an earth-ori-
ented antenna system. One system developed uses spin stabilization for 
orientation of the satellite. It uses a stationary inner platform for mount-
ing remote controlled antennas. The satellite is constructed in two parts 
with both parts having radial jets. The inner platform contains the com-
munications antennas and the communications package. After the sat-
ellite is stabilized in space, inner radial jets spin the inner platform. The 
inner platform is stationary with respect to earth and is oriented to such 
a position that the communications antennas point continuously toward 
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the earth. This arrangement allows the use of high-gain directional an-
tennas that concentrate the majority of the radiated energy in the direc-
tion of the earth. 

The latest versions of communications satellites use a stationary 
platform with four high-gain antennas. Two steerable narrow beam an-
tennas are used for communications between and within regions of high 
traffic density. Two horn antennas provide for earth communications 
between facilities outside the narrow beam coverage. 

1.2. Satelliteappliations
Advances in satellite technology have given rise to a healthy satellite 

services sector that provides various services to broadcasters, Internet ser-
vice providers (ISPs), governments, the military, and other sectors. There 
are three types of communication services that satellites provide: telecom-
munications, broadcasting, and data communications. Telecommunica-
tion services include telephone calls and services provided to telephone 
companies, as well as wireless, mobile, and cellular network providers.

1.2.1. Radio and TV Broadcast
These dedicated satellites are responsible for making 100s of chan-

nels across the globe available for everyone. They are also responsible 
for broadcasting live matches, news, world-wide radio services. These 
satellites require a 30-40 cm sized dish to make these channels available 
globally.

1.2.2. Military Satellites
These satellites are often used for gathering intelligence, as a com-

munications satellite used for military purposes, or as a military weapon. 
A satellite by itself is neither military nor civil. It is the kind of payload 
it carries that enables one to arrive at a decision regarding its military or 
civilian character.

1.2.3. Navigation Satellites
The system allows for precise localization world-wide, and with 

some additional techniques, the precision is in the range of some meters. 
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Ships and aircraft rely on GPS as an addition to traditional navigation 
systems. Many vehicles come with installed GPS receivers. This system 
is also used, e.g., for fleet management of trucks or for vehicle localiza-
tion in case of theft.

1.2.4. Global Telephone
One of the first applications of satellites for communication was the 

establishment of international telephone backbones. Instead of using ca-
bles it was sometimes faster to launch a new satellite. But, fiber optic 
cables are still replacing satellite communication across long distance as 
in fiber optic cable, light is used instead of radio frequency, hence mak-
ing the communication much faster (and of course, reducing the delay 
caused due to the amount of distance a signal needs to travel before 
reaching the destination.).Using satellites, to typically reach a distance 
approximately 10,000 kms away, the signal needs to travel almost 72,000 
kms, that is, sending data from ground to satellite and (mostly) from 
satellite to another location on earth. This causes substantial amount of 
delay and this delay becomes more prominent for users.

1.2.5. Connecting Remote Areas
Due to their geographical location many places all over the world do 

not have direct wired connection to the telephone network or the inter-
net (e.g., researchers on Antarctica) or because of the current state of the 
infrastructure of a country. Here the satellite provides a complete cover-
age and (generally) there is one satellite always present across a horizon.

1.2.6. Global Mobile Communication
The basic purpose of satellites for mobile communication is to ex-

tend the area of coverage. Cellular phone systems, such as AMPS and 
GSM (and their successors) do not cover all parts of a country. Areas that 
are not covered usually have low population where it is too expensive 
to install a base station. With the integration of satellite communication, 
however, the mobile phone can switch to satellites offering world-wide 
connectivity to a customer. Satellites cover a certain area on the earth. 
This area is termed as a “footprint” of that satellite. Within the footprint, 
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communication with that satellite is possible for mobile users. These us-
ers communicate using a Mobile-User-Link (MUL). The base-stations 
communicate with satellites using a Gateway-Link (GWL). Sometimes it 
becomes necessary for satellite to create a communication link between 
users belonging to two different footprints. Here the satellites send sig-
nals to each other and this is done using Inter-Satellite-Link (ISL).

Broadcasting services include radio and television delivered directly to 
the consumer and mobile broadcasting services. DTH, or satellite television, 
services (such as the DirecTV and DISH Network services in the United 
States) are received directly by households. Cable and network program-
ming is delivered to local stations and affiliates largely via satellite. Satellites 
also play an important role in delivering programming to cell phones and 
other mobile devices, such as personal digital assistants and laptops.

Data communications involve the transfer of data from one point to 
another. Corporations and organizations that require financial and other 
information to be exchanged between their various locations use satel-
lites to facilitate the transfer of data through the use of very small-aper-
ture terminal (VSAT) networks. With the growth of the Internet, a signif-
icant amount of Internet traffic goes through satellites, making ISPs one 
of the largest customers for satellite services.

Satellite communications technology is often used during natural 
disasters and emergencies when land-based communication services are 
down. Mobile satellite equipment can be deployed to disaster areas to 
provide emergency communication services.

One major technical disadvantage of satellites, particularly those 
in geostationary orbit, is an inherent delay in transmission. While there 
are ways to compensate for this delay, it makes some applications that 
require real-time transmission and feedback, such as voice communica-
tions, not ideal for satellites.

Satellites face competition from other media such as fiber optics, ca-
ble, and other land-based delivery systems such as microwaves and even 
power lines. The main advantage of satellites is that they can distribute 
signals from one point to many locations. As such, satellite technology 
is ideal for “point-to-multipoint” communications such as broadcasting. 
Satellite communication does not require massive investments on the 



Prof. Dr. Hari Krishnan GOPAKUMAR & Prof. Dr. Ashok JAMMI

35

ground—making it ideal for underserved and isolated areas with dis-
persed populations.

Satellites and other delivery mechanisms such as fiber optics, cable, 
and other terrestrial networks are not mutually exclusive. A combination 
of various delivery mechanisms may be needed, which has given rise to 
various hybrid solutions where satellites can be one of the links in the 
chain in combination with other media. Ground service providers called 
“teleports” have the capability to receive and transmit signals from sat-
ellites and also provide connectivity with other terrestrial networks.

The Future of Satellite Communication
In a relatively short span of time, satellite technology has developed 

from the experimental (Sputnik in 1957) to the sophisticated and power-
ful. Future communication satellites will have more onboard processing 
capabilities, more power, and larger-aperture antennas that will enable 
satellites to handle more bandwidth. Further improvements in satellites’ 
propulsion and power systems will increase their service life to 20–30 
years from the current 10–15 years. In addition, other technical inno-
vations such as low-cost reusable launch vehicles are in development. 
With increasing video, voice, and data traffic requiring larger amounts 
of bandwidth, there is no dearth of emerging applications that will drive 
demand for the satellite services in the years to come. The demand for 
more bandwidth, coupled with the continuing innovation and develop-
ment of satellite technology, will ensure the long-term viability of the 
commercial satellite industry well into the 21st century. 

1.3. Kepler’s Laws
1.3.1. Kepler’s Law Introduction
Johann Kepler developed empirically three laws of planetary mo-

tion, based on conclusions drawn from the extensive observations of 
Mars by Tycho Brahe (taken around the year 1600). While they were 
originally defined in terms of the motion of the planets about the Sun, 
they apply equally to the motion of natural or artificial satellites about 
the Earth. Kepler’s first law states that the satellite follows an elliptical 
path in its orbit around the Earth. The satellite does not necessarily have 
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uniform velocity around its orbit. Kepler’s second law states that the line 
joining the satellite with the centre of the Earth sweeps out equal areas in 
equal times. Kepler’s third law states that the cube of the mean distance 
of the satellite from the Earth is proportional to the square of its period

Satellites (spacecraft) orbiting the earth follow the same laws that 
govern the motion of the planets around the sun. Kepler’s laws apply 
quite generally to any two bodies in space which interact through grav-
itation. The more massive of the two bodies is referred to as the primary, 
the other, the secondary or satellite.

1.3.2. Kepler’s First Law
Kepler’s first law states that the path followed by a satellite around the 

primary will be an ellipse. An ellipse hast Two focal points shown as F1 
and F2in Fig. 2.1. The center of mass of the two-body system, termed the 
bary center, is always center of the foci. The semi major axis of the ellipse is 
denoted by a, and the semi minor axis, by b. The eccentricity e is given by

Figure 1.5. The foci F1 and F2, the Semi Major Axis a, and the Semi Minor Axis 
b of an Ellipse.

1.3.3. Kepler’s Second Law
Kepler’s second law states that, for equal time intervals, a satellite will 

sweep out equal areas in its orbital plane, focused at the barycenter. Re-
ferring to Fig. 2.2, assuming the satellite travels distances S1 and S2 me-
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ters in 1 s, then the areas A1 and A2 will be equal. The average velocity in 
each case is S1 and S2 m/s, and because of the equal area law, it follows 
that the velocity at S2 is less than that at S1.

Figure 1.6. Kepler’s second law.

The areas A1and A2swept out in unit time are equal.

1.3.4. Kepler’s Third Law
Kepler’s third law states that the square of the periodic time of orbit is 

proportional to the cube of the mean distance between the two bodies. 
The mean distance is equal to the semi 

major axis a. It can be written in the form of 
 
Where n is the mean motion of the satellite in radian per second.
     µ is the earth’s geocentric gravitational constant,

1.4. NEWTON’S LAW
1.4.1. Newton’s First Law
An object at rest will remain at rest unless acted on by an unbalanced 

force. An object in motion continues in motion with the same speed and 
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in the same direction unless acted upon by an unbalanced force. This 
law is often called “the law of inertia”.

1.4.2. Newton’s Second Law
Acceleration is produced when a force acts on a mass. The greater 

the mass (of the object being accelerated) the greater the amount of force 
needed (to accelerate the object).

1.4.3. Newton’s Third Law
For every action there is an equal and opposite re -action. This means 

that for every force there is a reaction force that is equal in size, but op-
posite in direction. That is to say that whenever an object pushes another 
object it gets pushed back in the opposite direction equally hard.

1.5. Orbital Parameters
Apogee: A point for a satellite farthest from the Earth. It is denoted 

as ha.
Perigee: A point for a satellite closest from the Earth. It is denoted as 

hp.
Line of Apsides: Line joining perigee and apogee through centre of the 

Earth. It is the major axis of the orbit. One-half of this line’s length is the 
semi-major axis equivalents to satellites mean distance from the Earth.

Ascending Node: The point where the orbit crosses the equatorial 
plane going from north to south.

Descending Node: The point where the orbit crosses the equatorial 
plane going from south to north.

Inclination: The angle between the orbital plane and the Earth’s equa-
torial plane. It is measured at the ascending node from the equator to the 
orbit, going from East to North. Also, this angle is commonly denoted 
as i.

Line of Nodes: The line joining the ascending and descending nodes 
through the centre of Earth.

Prograde Orbit: An orbit in which satellite moves in the same direc-
tion as the Earth’s rotation. Its inclination is always between 00 to 900. 
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Many satellites follow this path as Earth’s velocity makes it easier to 
lunch these satellites.

Retrograde Orbit: An orbit in which satellite moves in the same direc-
tion counter to the Earth’s rotation.

Argument of Perigee: An angle from the point of perigee measure in 
the orbital plane at the Earth’s centre, in the direction of the satellite 
motion.

Right ascension of ascending node: The definition of an orbit in space, 
the position of ascending node is specified. But as the Earth spins, the 
longitude of ascending node changes and cannot be used for reference. 
Thus for practical determination of an orbit, the longitude and time of 
crossing the ascending node is used. For absolute measurement, a fixed 
reference point in space is required. It could also be defined as “right 
ascension of the ascending node; right ascension is the angular position 
measured eastward along the celestial equator from the vernal equinox 
vector to the hour circle of the object”.

Mean anamoly: It gives the average value to the angular position of 
the satellite with reference to the perigee.

True anamoly: It is the angle from point of perigee to the satellite’s 
position, measure at the Earth’s centre.
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Figure 1.6. Apogee Height ha, Perigee Height hp, and Inclination i. La is the 

Line of Apsides.

Figure 1.7(a). Prograde and 
Retrograde Orbits.

Figure.1.8. The Argument of Perigee 
& Right Ascension of the Ascending 

Node Ω
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1.6. Orbital Perturbations
Theoretically, an orbit described by Kepler is ideal as Earth is con-

sidered to be a perfect sphere and the force acting around the Earth is 
the centrifugal force. This force is supposed to balance the gravitational 
pull of the earth.

In reality, other forces also play an important role and affect the mo-
tion of the satellite. These forces are the gravitational forces of Sun and 
Moon along with the atmospheric drag. Effect of Sun and Moon is more 
pronounced on geostationary earth satellites where as the atmospheric 
drag effect is more pronounced for low earth orbit satellites.

1.6.1. Effects of Non-Spherical Earth
As the shape of Earth is not a perfect sphere, it causes some varia-

tions in the path followed by the satellites around the primary. As the 
Earth is bulging from the equatorial belt, and keeping in mind that an 
orbit is not a physical entity, and it is the forces resulting from an oblate 
Earth which act on the satellite produce a change in the orbital param-
eters.

This causes the satellite to drift as a result of regression of the nodes 
and the latitude of the point of perigee (point closest to the Earth). This 
leads to rotation of the line of upsides. As the orbit itself is moving with 
respect to the Earth, the resultant changes are seen in the values of argu-
ment of perigee and right ascension of ascending node.

Due to the non-spherical shape of Earth, one more effect called the 
“Satellite Graveyard” is seen. The non -spherical shape leads to the small 
value of eccentricity (10-5) at the equatorial plane. This causes a gravity 
gradient on GEO satellite and makes them drift to one of the two stable 
points which coincide with minor axis of the equatorial ellipse.

1.6.2. Atmospheric Drag
For Low Earth orbiting satellites, the effect of atmospheric drag is 

more pronounces. The impact of this drag is maximum at the point of 
perigee. Drag (pull towards the Earth) has an effect on velocity of Satel-
lite (velocity reduces).



AN ELEMENTARY APPROACH TOWARDS SATELLITE COMMUNICATION

42

 This causes the satellite to not reach the apogee height successive 
revolutions. This leads to a change in value of semi-major axis and ec-
centricity. Satellites in service are maneuvered by the earth station back 
to their original orbital position.

1.7. Station Keeping
In addition to having its attitude controlled, it is important that a 

geo-stationary satellite be kept in its correct orbital slot. The equatori-
al ellipticity of the earth causes geostationary satellites to drift slowly 
along the orbit, to one of two stable points, at 75°E and 105°W.To counter 
this drift, an oppositely directed velocity component is imparted to the 
satellite by means of jets, which are pulsed once every 2 or 3 weeks.

These maneuvers are termed east-west station-keeping maneuvers. Sat-
ellites in the 6/4-GHz band must be kept within 0.1° of the designated 
longitude, and in the 14/12-GHz band, within 0.05°.

Figure 1.9. Typical Satellite Motio
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SATELLITE ACQUISITION and TRACKING 
An essential operation in communicating by satellite is the acqui-

sition (locating) of the satellite by the earth terminal antenna and the 
subsequent tracking of the satellite. Initial acquisition depends upon an 
exact knowledge of the position of the satellite. In combination with the 
geographic location of the earth terminal, knowing the position of the 
satellite enables you to compute accurate antenna pointing information. 
The degree of difficulty in locating and tracking a satellite is determined 
largely by what type orbit the satellite is in. 

The locating and tracking of a synchronous satellite is relatively 
simple. This is because the satellite appears to be stationary. Locating a 
near-synchronous satellite is also relatively simple because of the slow 
relative motion of the satellite However, the movement of a near-syn-
chronous satellite is enough that accurate tracking is required to keep 
the narrow beam antenna pointed toward the satellite. Satellites in me-
dium altitude circular orbits or in elliptical orbits are more difficult to 
acquire and to track because of the rapid changes in position. 

Orbital Prediction 
To acquire and track a satellite in space, the earth terminal anten-

nas must be provided with very accurate pointing information. Antenna 
pointing information is based upon the orbital prediction of the satellite. 
This information is derived from an EPHEMERIS table. This table pro-
vides the coordinates of a satellite or a celestial body at specific times 
during a given period. After you know the ephemeris data of a satellite, 
you can predict for any given location the apparent track of the satellite 
as viewed from that location. 

The constants defining an orbit are initially obtained by the pro-
cess of tracking. At the time of launch, the rocket is tracked by radar 
from lift-off to orbit and then until it passes out of sight. Tracking data 
obtained in this way is sufficient for making rough predictions of the 
orbit. These predictions are made rapidly with a computer and sent 
to tracking stations all over the world. These other tracking stations 
watch for the satellite during its first trip and record additional data. 
During the first week of orbiting, tracking stations all around the world 
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are obtaining progressively more accurate data concerning the Satel-
lite. This data is put into a computer where corrections of earlier esti-
mates of the orbit are made. 

Once the initial predictions are complete and the satellite link be-
comes operational, very little change in these calculations is made. The 
orbits of a satellite will change slightly over a period of time; however, 
these changes are so gradual that predictions will be accurate enough 
to be used for weeks or even months without further corrections. When 
the orbits are known precisely, an ephemeris can be calculated for each 
satellite of the system. 

Antenna Pointing 
Antenna pointing instructions for each satellite must be computed 

separately for each ground station location. A satellite that bears due 
south of station A at an elevation of 25 degrees may simultaneously bear 
due southeast of station B at an elevation of 30 degrees. Antenna point-
ing instructions are determined by taking into consideration the orbital 
prediction and the latitude and longitude of each ground station. To es-
tablish radio contact with a satellite, the ground station needs to know 
the bearing and elevation of a satellite. This allows the antenna to be 
properly pointed. 

Acquisition 
The acquisition of satellite signals by a ground station equipped 

with large antennas and operated at microwave frequencies places se-
vere requirements on the system. Several factors must be considered. 
These factors are discussed below

SPATIAL-TIME FACTOR
Very accurate antenna pointing information is available to earth ter-

minals from the satellite control facility located in Sunnyvale, California. 
Because of equipment limitations, a small search about the predicted lo-
cation of the satellite must often be conducted to make initial contact. 
Either a manual or automatic scan is made around a small area close to 
the point where the satellite appearance is predicted. 
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FREQUENCY CONTROL
The frequency of a radio signal received from a satellite is not gen-

erally the exact assigned down-link frequency. This variation depends 
upon the type of orbit of the satellite. The greatest frequency variations 
in signals from satellites occur in medium altitude circular or elliptical 
orbits. The smallest frequency variations occur in signals from satellites 
in near-synchronous or synchronous orbits. 

Tracking 
When a particular satellite has been acquired, the earth terminal an-

tenna will track that satellite for as long as it is used as a communications 
relay. Several methods of tracking are in actual use; however, we will 
explain PROGRAMMED TRACKING and AUTOMATIC TRACKING. 

PROGRAMMED TRACKING
 In programmed tracking the known orbital parameters of the sat-

ellite are fed into computation equipment to generate antenna pointing 
angles. The antenna pointing angles are fed as commands to the antenna 
positioning servomechanisms.

AUTOMATIC TRACKING
 In automatic tracking, the equipment generates antenna pointing 

information by comparing the direction of the antenna axis with the 
direction from which an actual satellite signal is received. Automatic 
tracking systems track the apparent position of a satellite. The direction 
of arrival of the radio signal and the real position of the satellite is not re-
quired. The automatic tracking system uses a servomechanism to move 
the antenna. Once the satellite has been located, the servomechanism 
generates its own pointing data. This eliminates the requirement for con-
tinuous data input and computation. 

SATELLITE OUTAGE TIME
 The satellite outage time specifications allow for stewing (moving) 

the earth terminal antennas, acquiring the satellite signal, and checking 
for circuit continuity at HAND OVER. (Hand over is the period of time 
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for one earth terminal to yield control to another as a satellite moves out 
of its area of coverage.) This hand over period represents an outage time. 
If the control terminal is unable to hand over to another terminal with-
in a specified time, other arrangements are made. For example, control 
may be retained or transferred to another terminal within the coverage 
area. There are several reasons why a terminal may be unable to assume 
control on time; these reasons may combine to increase the outage time. 
The difference of drift velocities of the satellites leads to bunching with-
in a coverage area. This causes gaps in coverage and increases outage 
times. When two or more satellites simultaneously occupy the same 
space of the terminal antennas, they will interfere with each other. This 
prevents reliable communications. Other factors leading to increased 
outage times are SATELLITE-SUN CONJUNCTION (increased noise 
while the satellite passes near the sun), SATELLITE ECLIPSE (absence of 
power from solar cells), and satellite failures. The distribution of outage 
times is a complicated function of time and earth-station locations. With 
careful coverage coordination, maximum communications effectiveness 
is obtained. 

1.8. Geo Stationary and Non Geo-Stationary Orbits
1.8.1. Geo Stationary
A geostationary orbit is one in which a satellite orbits the earth at 

exactly the same speed as the earth turns and at the same latitude, spe-
cifically zero, the latitude of the equator. A satellite orbiting in a geosta-
tionary orbit appears to be hovering in the same spot in the sky, and is 
directly over the same patch of ground at all times.

A geosynchronous orbit is one in which the satellite is synchronized 
with the earth’s rotation, but the orbit is tilted with respect to the plane 
of the equator. A satellite in a geosynchronous orbit will wander up and 
down in latitude, although it will stay over the same line of longitude. 
Although the terms ‘geostationary’ and ‘geosynchronous’ are sometimes 
used interchangeably, they are not the same technically; geostationary 
orbit is a subset of all possible geosynchronous orbits.

The person most widely credited with developing the concept of 
geostationary orbits is noted science fiction author Arthur C. Clarke 
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(Islands in the Sky, Childhood’s End, Rendezvous with Rama, and the 
movie 2001: a Space Odyssey). Others had earlier pointed out that bod-
ies traveling a certain distance above the earth on the equatorial plane 
would remain motionless with respect to the earth’s surface. But Clarke 
published an article in 1945’s Wireless World that made the leap from 
the Germans’ rocket research to suggest permanent manmade satellites 
that could serve as communication relays.

Geostationary objects in orbit must be at a certain distance above the 
earth; any closer and the orbit would decay, and farther out they would 
escape the earth’s gravity altogether. This distance is 35,786 kilometers 
(22,236 miles) from the surface.

The first geosynchronous satellite was orbited in 1963, and the first 
geostationary one the  following year. Since the only geostationary orbit 
is in a plane with the equator at 35,786 kilometers, there is only one circle 
around the world where these conditions obtain.

This means that geostationary ‘real estate’ is finite. While satellites 
are in no danger of bumping in to one another yet, they must be spaced 
around the circle so that their frequencies do not interfere with the func-
tioning of their nearest neighbors. 

Geostationary Satellites
There are 2 kinds of manmade satellites in the heavens above: One 

kind of satellite ORBITS the earth once or twice a day, and the other 
kind is called a communications satellite and it is PARKED in a STA-
TIONARY position 22,300 miles (35,900 km) above the equator of the 
STATIONARY earth. A type of the orbiting satellite includes the space 
shuttle and the international space station which keep a low earth orbit 
(LEO) to avoid the deadly Van Allen radiation belts.

The most prominent satellites in medium earth orbit (MEO) are the 
satellites which comprise the GLOBAL POSITIONING SYSTEM or GPS 
as it is called The Global.
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Positioning System
The global positioning system was developed by the U.S. military 

and then opened to civilian use. It is used today to track planes, ships, 
trains, cars or literally anything that moves. Anyone can buy a receiver 
and track their exact location by using a GPS receiver.

Figure 1.10. About 24 GPS Satellites Orbit the Earth Every 12 Hours.

Figure 1.10. GPS satellites orbit at a height of about 12,000 miles 
(19,300 km) and orbit the earth once every 12 hours.

These satellites are traveling around the earth at speeds of about 
7,000 mph (11,200 kph). GPS satellites are powered by solar energy. 
They have backup batteries onboard to keep them running in the event 
of a solar eclipse, when there’s no solar power.

Small rocket boosters on each satellite keep them flying in the cor-
rect path. The satellites have a lifetime of about 10 years until all their 
fuel runs out.

At exactly 22,300 miles above the equator, the force of gravity is can-
celled by the centrifugal force of the rotating universe. This is the ideal 
spot to park a stationary satellite.
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Figure. 1.11& 1.12 at Exactly 22,000 Miles (35,900 km) Above the Equator, the 
Earth’s Force of Gravity is Canceled by the Centrifugal Force of the Rotating 

Universe

1.8.2. Non Geo-Stationary Orbit
For the geo- stationary case, the most important of these are the 

gravitational fields of the moon and the sun, and the non spherical shape 
of the earth. Other significant forces are solar radiation pressure and re-
action of the satellite itself to motor movement within the satellite. As a 
result, station-keeping maneuvers must be carried out to maintain the 
satellite within set limits of its nominal geostationary position.

An exact geostationary orbit therefore is not attainable in practice, 
and the orbital parameters vary with time. The two-line orbital elements 
are published at regular intervals. The period for a geostationary satel-
lite is 23 h, 56 min, 4 s, or 86,164 s. The reciprocal of this is 1.00273896 
rev/day, which is about the value tabulated for most of the satellites.

Thus these satellites are geo- synchronous, in that they rotate in syn-
chronism with the rotation of the earth. However, they are not geosta-
tionary. The term geosynchronous satellite is used in many cases instead of 
geostationary to describe these near-geostationary satellites.

It should be noted, however, that in general a geosynchronous sat-
ellite does not have to be near-geostationary, and there are a number of 
geosynchronous satellites that are in highly elliptical orbits with com-
paratively large inclinations (e.g., the Tundra satellites).
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The small inclination makes it difficult to locate the position of the 
ascending node, and the small eccentricity makes it difficult to locate the 
position of the perigee.

However, because of the small inclination, the angles w and Ω can be 
assumed to be in the same plane. The longitude of the sub satellite point 
(the satellite longitude) is the east early rotation from the Greenwich 
meridian.

The Greenwich sidereal time (GST) gives the eastward position of the 
Greenwich meridian relative to the line of Aries, and hence the sub sat-
ellite point is at longitude and the mean longitude of the satellite is given 
by

The above equation can be used to calculate the true anomaly, and 
because of the small eccentricity, this can be approximated as v= M + 
2esinM.

1.9. Look Angle Determination
The look angles for the ground station antenna are Azimuth and El-

evation angles. They are required at the antenna so that it points directly 
at the satellite. Look angles are calculated by considering the elliptical 
orbit. These angles change in order to track the satellite.

For geostationary orbit, these angles values do not change as the 
satellites are stationary with respect to earth. Thus large earth stations 
are used for commercial communications. For home antennas, antenna 
beam width is quite broad and hence no tracking is essential. This leads 
to a fixed position for these antennas.
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Figure 1.13. The geometry used in determining the look angles for 
Geostationary Satellites.

1.10. Limits of Visibility
The east and west limits of geostationary are visible from any given 

Earth station. These limits are set by the geographic coordinates of the 
Earth station and antenna elevation.

The lowest elevation is zero (in theory) but in practice, to avoid re-
ception of excess noise from Earth. Some finite minimum value of ele-
vation is issued. The earth station can see a satellite over a geostationary 
arc bounded by +- (81.30) about the earth station’s longitude.

1.11. Satellite Eclipses
It occurs when Earth’s equatorial plane coincides with the plane 

the Earth’s orbit around the sun. Near the time of spring and autumnal 
equinoxes, when the sun is crossing the equator, the satellite passes into 
sun’s shadow. This happens for some duration of time every day.

These eclipses begin 23 days before the equinox and end 23 days 
after the equinox. They last for almost 10 minutes at the beginning and 
end of equinox and increase for a maximum period of 72 minutes at a 
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full eclipse. The solar cells of the satellite become non-functional during 
the eclipse period and the satellite is made to operate with the help of 
power supplied from the batteries.

A satellite will have the eclipse duration symmetric around the time 
t=Satellite Longitude/15 + 12 hours. A satellite at Greenwich longitude 
0 will have the eclipse duration symmetric around 0/15 UTC +12hours 
= 00:00 UTC.

The eclipse will happen at night but for satellites in the east it will 
happen late evening local time. For satellites in the west eclipse will hap-
pen in the early morning hour’s local time.

An earth caused eclipse will normally not happen during peak view-
ing hours if the satellite is located near the longitude of the coverage 
area. Modern satellites are well equipped with batteries for operation 
during eclipse.

Figure 1.14. A Satellite East of the Earth Station Enters Eclipse During Daylight 
Busy Hours at the Earth Station. A Satellite West of Earth Station Enters 

Eclipse During Night and Early Morning Hours (Non Busy Time).

High-precision GNSS positioning degrades during the GNSS satel-
lites eclipse seasons. Indeed, once the satellite goes into the shadow, the 
radiation pressure vanishes. This effect introduces errors in the satellite 
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dynamics due to the difficulty to properly modelling the solar radiation 
pressure. On the other hand, the satellite solar sensors lose sight of the 
sun and the attitude control (trying to keep the panels facing the sun) 
is degraded. The yaw attitude of GPS satellites is essentially random 
during an eclipse and for up to 30 minutes past exiting from shadow. 
Each GPS satellite has two eclipse seasons per year, each lasting for 
about seven weeks. 

As a consequence, the orbit during shadow and eclipse periods may 
be considerably degraded and the removal of satellites under such con-
ditions can improve the high-precision positioning results. 

The eclipse condition can be defined from a simple cylinder model 
for the shadow of the Earth as shown in figure 1.15

 
     and      

Where and are the vector from the geocentric to the satel-
lite and the magnitude of that vector, respectively. Vector is the 
geocentric vector to sun and is its magnitude, while is the mean 
equatorial radius of the Earth. Notice that, as commented before, the sat-
ellites should be removed during the eclipse condition and also during 
the first 30 minutes, at least, after exiting from eclipse. 

Figure 1.15. Simple Eylinder Model For the Shadow of the Earth.
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1.12. Sub Satellite Point
•	 Point at which a line between the satellite and the center of the 

Earth intersects the Earth’s surface 
•	 Location of the point expressed in terms of latitude and longitude 
•	 Location of the sub satellite point may be calculated from coordi-

nates of the rotating system as: 

Figure 1.16 - Sub satellite Point.

1.13. Sun Transit Outage
Sun transit outage is an interruption in or distortion of geostationary 

satellite signals caused by interference from solar radiation. Sun appears 
to be an extremely noisy source which completely blanks out the signal 
from satellite. This effect lasts for 6 days around the equinoxes. They 
occur for a maximum period of 10 minutes.

Generally, sun outages occur in February, March, September and 
October, that is, around the time of the equinoxes. At these times, the 
apparent path of the sun across the sky takes it directly behind the line 
of sight between an earth station and a satellite.

As the sun radiates strongly at the microwave frequencies used to 
communicate with satellites (C-band, Ka band and Ku band) the sun 
swamps the signal from the satellite.

The effects of a sun outage can include partial degradation, that is, 
an increase in the error rate, or total destruction of the signal.
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Figure 1.17- Earth Eclipse of a Satellite and Sun transit Outage

1.14. Launching Procedures

1.14.1. Introduction

Low Earth Orbiting satellites are directly injected into their orbits. 
This cannot be done in case of GEOs as they have to be positioned 
36,000kms above the Earth’s surface.

Launch vehicles are hence used to set these satellites in their orbits. 
These vehicles are reusable. They are also known as Space Transporta-
tion System (STS).
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When the orbital altitude is greater than 1,200 km it becomes ex-
pensive to directly inject the satellite in its orbit. For this purpose, a 
satellite must be placed in to a transfer orbit between the initial lower 
orbit and destination orbit. The transfer orbit is commonly known as 
Hohmann-Transfer Orbit.

1.14.2. Orbit Transfer

Figure 1.18. Orbit Transfer Position.

Hohmann Transfer Orbit: This maneuver is named for the German 
civil engineer who first proposed it, Walter Hohmann, who was born in 
1880. He didn’t work in rocketry professionally (and wasn’t associated 
with military rocketry), but was a key member of Germany’s pioneering 
Society for Space. The transfer orbit is selected to minimize the energy 
required for the transfer. This orbit forms a tangent to the low attitude 
orbit at the point of its perigee and tangent to high altitude orbit at the 
point of its apogee.



Prof. Dr. Hari Krishnan GOPAKUMAR & Prof. Dr. Ashok JAMMI

57

1.15. Launch Vehicles and Propulsion
Launch vehicle, in spaceflight, a rocket-powered vehicle used 

to transport a spacecraft beyond Earth’s atmosphere, either into or-
bit around Earth or to some other destination in outer space. Practical 
launch vehicles have been used to send manned spacecraft, unmanned 
space probes, and satellites into space since the 1950s. They include the 
Soyuz and Proton launchers of Russia as well as several converted mil-
itary missiles; Russia is developing a new family of launchers called 
Angara. Europe operates the Ariane V and Vega launchers. The United 
States operated the space shuttle until its retirement in 2011. Current 
U.S. launch vehicles include the Atlas, Delta, Falcon, and Antares ex-
pendable boosters.

In order to reach Earth orbit, a launch vehicle must accelerate its 
spacecraft payload to a minimum velocity of 28,000 km (17,500 miles) 
per hour, which is roughly 25 times the speed of sound. To overcome 
Earth’s gravity for travel to a destination such as the Moon or Mars, 
the spacecraft must be accelerated to a velocity of approximately 40,000 
km (25,000 miles) per hour. The initial acceleration must also be provid-
ed very rapidly in order to minimize both the time that a launch vehi-
cle takes to transit the stressful environment of the atmosphere and the 
time during which the vehicle’s rocket engines and other systems must 
operate near their performance limits; a launch from Earth’s surface or 
atmosphere usually attains orbital velocity within 8–12 minutes. Such 
rapid acceleration requires one or more rocket engines burning large 
quantities of propellant at a high rate, while at the same time the vehicle 
is controlled so that it follows its planned trajectory. To maximize the 
mass of the spacecraft that a particular launch vehicle can carry, the ve-
hicle’s structural weight is kept as low as possible. Most of the weight of 
the launch vehicle is actually its propellants—i.e., fuel and the oxidizer 
needed to burn the fuel. Designing reliable launch vehicles is challeng-
ing. The launchers with the best recent records have a reliability rate 
between 95 and 99 percent.

With the exception of the partially reusable U.S. space shuttle and 
the Soviet Buran vehicle (which was flown only once), all launch vehicles 
to date have been designed for only a single use; they are thus called ex-
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pendable launch vehicles. With costs ranging from more than 10 million 
dollars each for the smaller launch vehicles used to put lighter payloads 
into orbit to hundreds of millions of dollars for the launchers needed for 
the heaviest payloads, access to space is very expensive, on the order of 
many thousands of dollars per kilogram taken to orbit. The complexity 
of the space shuttle made it extremely expensive to operate, even though 
portions of the shuttle system were reusable. Attempts to develop a ful-
ly reusable launch vehicle in order to reduce the cost of access to space 
have so far not been successful, primarily because the propulsion system 
and materials needed for successful development of such a vehicle have 
not been available.

India launched its first satellite in 1980 using the four-stage solid-fu-
eled Satellite Launch Vehicle 3 (SLV-3), which was developed from the 
U.S. Scout launch vehicle first used in the 1960s. India did not have a 
prior ballistic missile program, but parts of the SLV-3 were later incorpo-
rated into India’s first IRBM, Agni. The four-stage Polar Satellite Launch 
Vehicle (PSLV) was then developed; it used a mixture of solid- and liq-
uid-fueled stages. The first PSLV launch took place in 1993. During the 
1990s India developed the liquid-fueled Geostationary Space Launch 
Vehicle (GSLV), which used cryogenic fuel in its upper stage. The GSLV 
was first launched in 2001. Both the PSLV and GSLV remain in service.

Working of Launch Vehicle 
A launch vehicle is a good illustration of Newton’s third law of mo-

tion, “For every action, there is an equal and opposite reaction.” (For 
a detailed explanation, see rocket.) In the case of a launch vehicle, the 
“action” is the flow out the rear of the vehicle of exhaust gases produced 
by the combustion of the vehicle’s fuel in its rocket engine, and the “re-
action” is the pressure, called thrust, applied to the internal structure of 
the launch vehicle that pushes it in the direction opposite to the exhaust 
flow. Unlike jet engines, which operate on the same action-reaction prin-
ciple but obtain the oxygen needed for burning their fuel from the atmo-
sphere, rockets carry with them their own oxidizing agent. In that way, 
they can operate in the vacuum beyond the atmosphere.
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The primary goal of launch vehicle designers is to maximize the 
vehicle’s weight-lifting capability while at the same time providing an 
adequate level of reliability at an acceptable cost. Achieving a balance 
among these three factors is challenging. In order for the launch vehicle 
to lift off of Earth, its upward thrust must be greater than the combined 
weight of its spacecraft payload, the vehicle’s propellants, and its struc-
ture. This puts a premium on making the vehicle’s mechanical structure, 
fuel tanks, and rocket engines as light as possible but strong enough 
to withstand the forces and stresses associated with rapid acceleration 
through a resistant atmosphere. Most often, propellant makes up 80 per-
cent or more of the total weight of a launch vehicle–spacecraft combina-
tion prior to launch.

STAGES
A basic approach to launch vehicle design, first suggested by Kon-

stantin Tsiolkovsky, is to divide the vehicle into “stages.” The first stage 
is the heaviest part of the vehicle and has the largest rocket engines, 
the largest fuel and oxidizer tanks, and the highest thrust; its task is to 
impart the initial thrust needed to overcome Earth’s gravity and thus 
to lift the total weight of the vehicle and its payload off of Earth. When 
the first-stage propellants are used up, that stage is detached from the 
remaining parts of the launch vehicle and falls back to Earth, either into 
the ocean or onto sparsely populated territory. With the weight of the 
first stage gone, a second stage, with its own rocket engines and propel-
lants, continues to accelerate the vehicle. Most expendable launch vehi-
cles in use today have only two or three stages, but in the past up to five 
stages, each lighter than its predecessor, were needed to attain orbital 
velocity. When an upper stage has completed its mission, it either falls 
back to Earth’s surface, enters orbit itself, or, most frequently, disinte-
grates and evaporates as it encounters atmospheric heating on its fall 
back toward Earth.

A particular launch vehicle can be configured in several different 
ways, depending on its mission and the weight of the spacecraft to be 
launched. This reconfiguration can be done by adding a varying number 
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of strap-on boosters, usually solid rocket motors, to the vehicle’s first 
stage or by using different upper stages.

In principle, a space launcher could reach Earth orbit using only one 
stage, and in fact there have been several attempts to develop a reusable 
“single stage to orbit” vehicle. All attempts have failed, however; the 
propulsion and materials technologies needed to make a single-stage 
vehicle light and powerful enough to achieve orbital velocity while car-
rying a meaningful payload have not been developed.

Upper Stages
All launch vehicles employ more than one stage to accelerate space-

craft to orbital velocity. Since the first orbital launch (Sputnik), in 1957, 
there have been many different upper stages. Most are used as part of 
only one type of launch vehicle. The evolution of these upper stages is 
driven by a desire to introduce more modern technology that will in-
crease the overall lift capability of the launch vehicle, lower its costs, and 
increase its reliability or a combination of these factors. Small improve-
ments in upper stages can produce significant gains in launch vehicle 
performance, since these stages operate only after the first stage has ac-
celerated the vehicle to a high speed through the thickest parts of the 
atmosphere.

Several upper stages have been used with more than one family of 
launch vehicle. For example, the Agena upper stage was first developed 
in the United States as part of its initial reconnaissance satellite program. 
The Agena upper stage of a Thor-Agena launch vehicle propelled the 
Corona spacecraft into orbit, stayed attached to it, and provided power 
and pointing for the spacecraft’s operation. Agena used hypergolic pro-
pellant; it was also combined with the Atlas and Titan first stages on a 
number of subsequent missions. Later versions of Agena were able to re-
start their engine in orbit, carried other national security payloads, sent 
Ranger and Lunar Orbiter spacecraft to the Moon and Mariner space-
craft to Venus and Mars, and served as the target vehicle for rendez-
vous by the Gemini two-man spacecraft. Use of the Agena upper stage 
extended through the mid-1980s.
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Another U.S. upper stage, used with the Atlas and Titan launch vehi-
cles, is Centaur. This was the first U.S. rocket stage to employ cryogenic 
propellant. The first use of the Atlas-Centaur launch vehicle was to send 
Surveyor spacecraft to the Moon in 1966 and 1967; it flew many subse-
quent missions atop an Atlas first stage. When combined with powerful 
versions of the Titan launch vehicle, Centaur also has been used to send 
various spacecraft to Mars and the outer planets and to launch various 
heavy national security payloads.

Various upper stages using solid propellants were used to carry pay-
loads from the space shuttle’s low Earth orbit to higher orbits. There were 
plans to carry the liquid-fueled Centaur on the shuttle to launch planetary 
spacecraft, but those plans were canceled after the 1986 Challenger acci-
dent because of safety concerns. Solid-propellant upper stages have also 
been used with the Delta and Titan launch vehicles. Soviet and Russian 
launch vehicles have used a variety of upper stages; most have used con-
ventional kerosene as fuel. More recently two upper stages, the Block DM 
using cryogenic propellant and the more popular Briz M using hypergolic 
propellant, have been developed for the Proton launcher. There has been 
a constant evolution of upper stages used with the Soyuz launcher; in 1999 
upper stages with restart able rocket engines entered service.

The ESA used a cryogenic upper stage for its Ariane 1–4 launch-
ers. Initial versions of the Ariane 5 used hypergolic propellant in its up-
per stage, though a new cryogenic upper stage was introduced in 2006. 
Japan and India use cryogenic propellants in the upper stages of their 
most powerful launch vehicles, the H-IIA and the GSLV, respectively.

FUEL
The fuel used to power rockets can be divided into two broad cate-

gories: liquid and solid. Liquid fuels can range from a widely available 
substance such as ordinary kerosene, which can be used at ground tem-
perature, to liquid hydrogen, which must be maintained at the extreme-
ly low temperature of 20 °K (−253 °C, or −423 °F). Liquid hydrogen is 
called a cryogenic fuel. Another type of liquid fuel, called hypergolic, 
ignites spontaneously on contact with an oxidizer; such fuels are usually 
some form of hydrazine. Hypergolic fuels are extremely toxic and thus 
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difficult to handle. However, because of their reliable ignition and their 
ability to be restarted, they are used in the first or second stages of some 
rockets and in other applications such as orbital maneuvering motors. 
During the Apollo program they were used to lift the crew compartment 
of the lunar module off of the Moon’s surface.

In order to burn, liquid rocket fuel must be mixed in the combus-
tion chamber of a rocket engine with an oxygen-rich substance, called 
an oxidizer. The oxidizer usually used with both kerosene and liquid 
hydrogen is liquid oxygen. Oxygen must be kept at a temperature less 
than −183 °C (−298 °F) in order to remain in a liquid state. The oxidiz-
er used with hypergolic fuel is usually nitrogen tetroxide or nitric acid. 
Like hypergolic fuel, the oxidizers are extremely toxic substances and so 
are difficult to handle.

Liquid-fuel rocket engines are complex machines. In order to reach 
maximum efficiency, both fuel and oxidizer must be pumped into the 
engine’s combustion chamber at high rates, under high pressure, and 
in suitable mixtures. The fuel pumps are driven by a turbine powered 
by the burning of a small proportion of the fuel. There are various ap-
proaches to powering the turbo machinery of a rocket engine, but all 
require high-performance mechanisms and are one of the major poten-
tial sources of launch vehicle failure. After combustion, the resulting ex-
haust gas exits through a nozzle with a shape that accelerates it to a high 
velocity.

Solid-propellant rocket motors are simple in design, in many ways 
resembling large fireworks. They consist of a casing filled with a rub-
bery mixture of solid compounds (both fuel and oxidizer) that burn at 
a rapid rate after ignition. The fuel is usually some organic material or 
powdered aluminum; the oxidizer is most often ammonium perchlorate. 
These are mixed together and are cured with a binder to form the rocket 
propellant. Solid rocket motors are most often used as strap-ons to the 
liquid-fueled first stage of a launch vehicle to provide additional thrust 
during liftoff and the first few minutes of flight. (However, the United 
States has begun development of a new launch vehicle named Ares-1 
that will use a large solid rocket motor as its first stage.) Unlike some 
rocket engines using liquid fuels, which can be turned off after ignition, 
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solid rocket motors once ignited burn their fuel until it is exhausted. The 
exhaust from the burning of the fuel emerges through a nozzle at the 
bottom of the rocket casing, and that nozzle shapes and accelerates the 
exhaust to provide the reactive forward thrust.

Payload Protection
The spacecraft that a launch vehicle carries into space is almost al-

ways attached to the top of the vehicle. During the transit of the atmo-
sphere, the payload is protected by some sort of fairing, often made of 
lightweight composite material. Once the launch vehicle is beyond the 
densest part of the atmosphere, this fairing is shed. After the spacecraft 
reaches initial orbital velocity, it may be detached from the launch vehi-
cle’s final upper stage to begin its mission. Alternatively, if the spacecraft 
is intended to be placed in other than a low Earth orbit, the upper-stage 
rocket engine may be shut down for a period of time as the spacecraft 
payload coasts in orbit. Then the engine is restarted to impart the addi-
tional velocity needed to move the payload to a higher Earth orbit or to 
inject it into a trajectory that will carry it deeper into space.

Navigation, Guidance and Control
In order for a launch vehicle to place a spacecraft in the intended 

orbit, it must have navigation, guidance, and control capabilities. Nav-
igation is needed to determine the vehicle’s position, velocity, and ori-
entation at any point in its trajectory. As these variables are measured, 
the vehicle’s guidance system determines what course corrections are 
needed to steer the vehicle to its desired target. Control systems are used 
to implement the guidance commands through movements of the vehi-
cle’s rocket engines or changes in the direction of the vehicle’s thrust. 
Navigation, guidance, and control for most launch vehicles are achieved 
by a combination of complex software, computers, and other hardware 
devices.

The rocket injects the satellite with the required thrust into the trans-
fer orbit. With the STS, the satellite carries a perigee kick motor which 
imparts the required thrust to inject the satellite in its transfer orbit. Sim-
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ilarly, an apogee kick motor (AKM) is used to inject the satellite in its 
destination orbit.

Generally, it takes 1-2 months for the satellite to become fully func-
tional. The Earth Station performs the Telemetry Tracking and Com-
mand function to control the satellite transits and functionalities. Kick 
Motor refers to a rocket motor that is regularly employed on artificial 
satellites destined for a geostationary orbit. As the vast majority of geo-
stationary satellite launches are carried out from spaceports at a signifi-
cant distance away from Earth’s equator. The carrier rocket would only 
be able to launch the satellite into an elliptical orbit of maximum apogee 
35,784-kilometres and with a non-zero inclination approximately equal 
to the latitude of the launch site.

Reliability
A launch vehicle thus comprises one or more rocket engines; fuel 

for those engines carried in fuel tanks; guidance, navigation, and con-
trol systems; a payload; and a structure housing all of these elements, 
to which extra engines may be attached for added lift. There are also 
various attachments between the launch vehicle and its launch pad and 
associated structures. An expendable launch vehicle has only one op-
portunity to perform its mission successfully, so all of its elements must 
be designed and manufactured precisely and for very high operational 
reliability. Also, as noted above, launch vehicles are designed to be as 
light as possible, in order to maximize their payload lifting capability. 
As a result, every part in a launch vehicle operates close to its breaking 
point during a launch, as the vehicle undergoes the stresses associated 
with accelerating past the speed of sound and transiting the atmosphere 
and as its rocket engines operate under extremes of pressure, tempera-
ture, shock, and vibration.

Launch Bases
Most launch vehicles take off from sites on land, although a few are 

air- or sea-launched. To function as a launch base, a particular location 
has to have facilities for assembling the launch vehicle, handling its fuel, 
preparing a spacecraft for launch, mating the spacecraft and launch ve-
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hicle, and checking them out for launch readiness. In addition, it must 
have launch pads and the capability to monitor the launch after liftoff 
and ensure safety in the launch range. This usually requires a significant 
amount of land located away from heavily populated areas but with 
good air, sea, rail, or land access for transport of various components. 
Other desirable characteristics include a location that allows the early 
stages of launch, when first stages are separated and most launch acci-
dents happen, to take place over water or sparsely populated land areas.

Another desirable characteristic is a location as near as possible to 
the Equator. Many launches take place in an eastward direction to take 
advantage of the velocity imparted by the rotation of Earth in that direc-
tion. This velocity is greatest at the Equator and decreases with increased 
latitude. For example, the additional velocity provided by Earth’s rota-
tion is 463 meters per second (1,037 miles per hour) at the European 
launch base in French Guiana, which is located very close to the Equator 
at latitude 5.2° N. It is 410 meters per second (918 miles per hour) at the 
U.S. launch site at Cape Canaveral, Florida, located at latitude 28° N, 
and it is only 328 meters per second (735 miles per hour) at the Russian 
Baikonur Cosmodrome in Kazakhstan, which is located at latitude 46° 
N. Earth’s naturally imparted velocity, though small in comparison with 
the velocity provided by the rocket engines, lessens the demands on the 
launch vehicle.

Many satellites are intended to be placed in a geostationary orbit. 
Geostationary orbit is located 35,785 km (22,236 miles) above the Equa-
tor. Spacecraft launched from a base near the Equator require less ma-
neuvering, and therefore use less fuel, to reach this orbit than do space-
craft launched from higher latitudes. Fuel saving translates into either a 
lighter spacecraft or additional fuel that can be used to extend the oper-
ating life of the satellite.

The benefits of an equatorial location do not apply to launches into 
a polar or near-polar orbit, since there is no added velocity from Earth’s 
rotation for launches in a northward or southward direction. Launch 
bases used for polar orbits do need to have a clear path over water or 
empty land for the early stages of a launch.



AN ELEMENTARY APPROACH TOWARDS SATELLITE COMMUNICATION

66

Space launches have taken place at more than 25 different land-
based locations around the globe, though not all of these bases are in op-
eration at any one time. Most are government-operated facilities. There 
have been a number of proposals to build commercially operated launch 
bases at various locations around the globe, and several such bases in 
the United States have begun operation.

Not all space launches lift off from land. In particular, the U.S.-Rus-
sian-Norwegian-Ukrainian commercial launch firm Sea Launch uses the 
innovative approach of a mobile launch platform, based on a convert-
ed offshore oil-drilling rig, which is towed by a command ship from its 
home base in Long Beach, California, to a near-equatorial location in the 
Pacific Ocean. Once the platform reaches the desired location, the firm’s 
Ukrainian Zenit launch vehicle is transferred along with its communica-
tions satellite payload from the command ship to the launch platform, 
checked out, and launched to geostationary orbit. This approach gives 
Sea Launch the advantages associated with an equatorial launch site 
without the need for a permanent installation in an equatorial country.

Other spacecraft have been launched with the Still launch vehicle 
from a converted Russian submarine and with Pegasus from under the 
wings of an airplane owned by the U.S. firm Orbital Sciences Corpora-
tion. Only relatively small launch vehicles carrying light spacecraft can 
be launched in this manner. The advantages of an air-based launch are 
the flexibility in the launch location and the use of a carrier aircraft to lift 
the launch vehicle the first 12,000 meters (40,000 feet) above Earth, thus 
reducing the propulsion requirements needed to reach orbit.

The Quest for Reusability
An important limiting factor in the use of space is the high cost of 

launching spacecraft. In particular, using an expendable launch vehicle 
involves the single use of a vehicle that costs approximately as much as 
a jet transport. Since the start of spaceflight, there has been a hope that 
it might be possible to avoid such high costs by making space launch 
vehicles reusable for multiple launches. The original plans for the space 
shuttle called for it to be a two-stage, fully reusable vehicle. Unfortunate-
ly, both technological barriers and financial constraints made it impos-
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sible to pursue those plans, and the space shuttle is in fact only partially 
reusable. Indeed, a space shuttle launch is even more expensive than 
the launch of an expendable vehicle. The United States has made sever-
al subsequent attempts to develop a fully reusable single-stage-to-orbit 
launch vehicle (that is, one that can fly directly to orbit without shedding 
any of its parts). Among these attempts were the National Aerospace 
Plane project (1986–93) and the X-33 project (1995–2001). Both programs 
were canceled before any flights were attempted. In both cases, neither 
the materials needed to construct the vehicle nor a rocket engine to pro-
pel it proved to be at a stage of adequate technological maturity.

TT&C
It s a sub-system where the functions performed by the satellite con-

trol network to maintain health and status, measure specific mission 
parameters and processing over time a sequence of these measurement 
to refine parameter knowledge, and transmit mission commands to the 
satellite. Detailed study of TT&C in the upcoming units.

1.15.1. Transfer Orbit
It is better to launch rockets closer to the equator because the Earth 

rotates at a greater speed here than that at either pole. This extra speed 
at the equator means a rocket needs less thrust (and therefore less fuel) 
to launch into orbit.

In addition, launching at the equator provides an additional 1,036 
mph (1,667 km/h) of speed once the vehicle reaches orbit. This speed 
bonus means the vehicle needs less fuel, and that freed space can be used 
to carry more pay load.
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Figure 1.19. Hochmann Transfer Orbit.

The law of physics on which rocket propulsion is based is called 
the principle of momentum. According to this principle, the time rate 
of change of the total momentum of a system of particles is equal to the 
net external force. The momentum is defined as the product of mass and 
velocity. If the net external force is zero, then the principle of momentum 
becomes the principle of conservation of momentum and the total mo-
mentum of the system is constant. To balance the momentum conveyed 
by the exhaust, the rocket must generate a momentum of equal magni-
tude but in the opposite direction and thus it accelerates forward. 
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The system of particles may be defined as the sum of all the particles 
initially within the rocket at a particular instant. As propellant is con-
sumed, the exhaust products are expelled at a high velocity. The centre 
of mass of the total system, subsequently consisting of the particles re-
maining in the rocket and the particles in the exhaust, follows a trajec-
tory determined by the external forces, such as gravity, that is the same 
as if the original particles remained together as a single entity. In deep 
space, where gravity may be neglected, the centre of mass remains at 
rest. 

ROCKET THRUST 
The configuration of a chemical rocket engine consists of the com-

bustion chamber, where the chemical reaction takes place, and the noz-
zle, where the gases expand to create the exhaust. An important charac-
teristic of the rocket nozzle is the existence of a throat. The velocity of the 
gases at the throat is equal to the local velocity of sound and beyond the 
throat the gas velocity is supersonic. Thus the combustion of the gases 
within the rocket is independent of the surrounding environment and 
a change in external atmospheric pressure cannot propagate upstream. 
The thrust of the rocket is given by the theoretical equation: 

F = ve + ( pe - pa ) Ae

This equation consists of two terms. The first term, called the mo-
mentum thrust, is equal to the product of the propellant mass flow 
rate m (dot) and the exhaust velocity ve with a correction factor  for no 
axial flow due to nozzle divergence angle. The second term is called the 
pressure thrust. It is equal to the difference in pressures pe and pa of the 
exhaust velocity and the ambient atmosphere, respectively, acting over 
the area Ae of the exit plane of the rocket nozzle. The combined effect of 
both terms is incorporated into the effective exhaust velocity c. Thus the 
thrust is also written F = m(dot) c where an average value of c is used, 
since it is not strictly constant. The exhaust exit pressure is determined 
by the expansion ratio given by Ae / At which is the ratio of the area of the 
nozzle exit plane Ae and the area of the throat At . As the expansion ratio 
 increases, the exhaust exit pressure pe decreases. 



AN ELEMENTARY APPROACH TOWARDS SATELLITE COMMUNICATION

70

The thrust is maximum when the exit pressure of the exhaust is equal 
to the ambient pressure of the surrounding environment, that is, when pe 
= pa. This condition is known as optimum expansion and is achieved by 
proper selection of the expansion ratio. Although optimum expansion 
makes the contribution of the pressure thrust zero, it results in a higher 
value of exhaust velocity ve such that the increase in momentum thrust 
exceeds the reduction in pressure thrust. 

A conical nozzle is easy to manufacture and simple to analyze. If the 
apex angle is 2, the correction factor for nonaxial flow is = ½ (1 + cos ) 
the apex angle must be small to keep the loss within acceptable limits. A 
typical design would be  = 15, for which  = 0.9830. This represents 
a loss of 1.7 percent. However, conical nozzles are excessively long for 
large expansion ratios and suffer additional losses caused by flow sep-
aration. A bell-shaped nozzle is therefore superior because it promotes 
expansion while reducing length. 

ROCKET PROPULSION PARAMETERS 
The specific impulse Isp of a rocket is the parameter that determines 

the overall effectiveness of the rocket nozzle and propellant. It is defined 
as the ratio of the thrust and the propellant weight flow rate, or Isp = F 
/ m (dot) g = c / g where g is a conventional value for the acceleration of  
gravity (9.80665 m/s2 exactly). Specific impulse is expressed in seconds. 

Although gravity has nothing whatever to do with the rocket pro-
pulsion chemistry, it has entered into the definition of specific impulse 
because in past engineering practice mass was expressed in terms of the 
corresponding weight on the surface of the earth. By inspection of the 
equation, it can be seen that the specific impulse Isp is physically equiv-
alent to the effective exhaust velocity c, but is rescaled numerically and 
has a different unit because of division by g. Some manufacturers now 
express specific impulse in newton seconds per kilogram, which is the 
same as effective exhaust velocity in meters per second. Two other im-
portant parameters are the thrust coefficient CF and the characteristic 
exhaust velocity c*. The thrust coefficient is defined as CF = F / At pc = m 
(dot) c / At pc where F is the thrust, At is the throat area, and pc is the 
chamber pressure. This parameter is the figure of merit of the nozzle 
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design. The characteristic exhaust velocity is defined as c* = At pc / m 
(dot) = c / CF This parameter is the figure of merit of the propellant. Thus 
the specific impulse may be written Isp = CF c* / g which shows that the 
specific impulse is the figure of merit of the nozzle design and propellant 
as a whole, since it depends on both CF and c*. However, in practice the 
specific impulse is usually regarded as a measure of the efficiency of the 
propellant alone. 

LAUNCH VEHICLE PROPULSION SYSTEMS 
In the first stage of a launch vehicle, the exit pressure of the exhaust 

is equal to the sea level atmospheric pressure 101.325 kPa (14.7 psia) for 
optimum expansion. As the altitude of the rocket increases along its tra-
jectory, the surrounding atmospheric pressure decreases and the thrust 
increases because of the increase in pressure thrust. However, at the 
higher altitude the thrust is less than it would be for optimum expansion 
at that altitude. The exhaust pressure is then greater than the external 
pressure and the nozzle is said to be under expanded. The gas expansion 
continues downstream and manifests itself by creating diamond-shaped 
shock waves that can often be observed in the exhaust plume. 

The second stage of the launch vehicle is designed for optimum ex-
pansion at the altitude where it becomes operational. Because the atmo-
spheric pressure is less than at sea level, the exit pressure of the exhaust 
must be less and thus the expansion ratio must be greater. Consequent-
ly, the second stage nozzle exit diameter is larger than the first stage 
nozzle exit diameter. 

For example, the first stage of a Delta II 7925 launch vehicle has an 
expansion ratio of 12. The propellant is liquid oxygen and RP-1 (a ker-
osene-like hydrocarbon) in a mixture ratio (O/F) of 2.25 at a chamber 
pressure of 4800 kPa (700 psia) with a sea level specific impulse of 255 
seconds. The second stage has a nozzle expansion ratio of 65 and burns 
nitrogen tetroxide and Aerozene 50 (a mixture of hydrazine and un-
symmetrical dimethyl hydrazine) in a mixture ratio of 1.90 at a chamber 
pressure of 5700 kPa (830 psia), which yields a vacuum specific impulse 
of 320 seconds. 
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In space, the surrounding atmospheric pressure is zero. In principle, 
the expansion ratio would have to be infinite to reduce the exit pressure 
to zero. Thus optimum expansion is impossible, but it can be approxi-
mated by a very large nozzle diameter, such as can be seen on the main 
engines of the space shuttle with  = 77.5. There is ultimately a trade-off 
between increasing the size of the nozzle exit for improved performance 
and reducing the mass of the rocket engine. 

In a chemical rocket, the exhaust velocity, and hence the specif-
ic impulse, increases as the combustion temperature increases and the 
molar mass of the exhaust products decreases. Thus liquid oxygen and 
liquid hydrogen are nearly ideal chemical rocket propellants because 
they burn energetically at high temperature (about 3200 K) and produce 
nontoxic exhaust products consisting of gaseous hydrogen and water 
vapour with a small effective molar mass (about 11 kg/kmol). The vac-
uum specific impulse is about 450 seconds. These propellants are used 
on the space shuttle, the Atlas Centaur upper stage, the Ariane-4 third 
stage, the Ariane-5 core stage, the H-2 first and second stages, and the 
Long March CZ-3 third stage. 

SPACECRAFT PROPULSION SYSTEMS 
The spacecraft has its own propulsion system that is used for orbit 

insertion, station keeping, momentum wheel desaturation, and attitude 
control. The propellant required to perform a maneuver with a speci-
fied velocity increment v is given by the “rocket equation”m = m0 [ 1 
 exp( v / Isp g) ]where m0 is the initial spacecraft mass. This equation 
implies that a reduction in velocity increment or an increase in specific 
impulse translates into a reduction in propellant. 

In the case of a geostationary satellite, the spacecraft must perform a 
critical maneuver at the apogee of the transfer orbit at the synchronous 
altitude of 35,786 km to simultaneously remove the inclination and cir-
cularize the orbit. The transfer orbit has a perigee altitude of about 200 
km and an inclination roughly equal to the latitude of the launch site. 
To minimize the required velocity increment, it is thus advantageous to 
have the launch site as close to the equator as possible. 
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For example, in a Delta or Atlas launch from Cape Canaveral the 
transfer orbit is inclined at 28.5 and the velocity increment at apogee 
is 1831 m/s; for an Ariane launch from Kourou the inclination is 7 and 
the velocity increment is 1502 m/s; while for a Zenit flight from the Sea 
Launch platform on the equator the velocity increment is 1478 m/s. By 
the rocket equation, assuming a specific impulse of 300 seconds, the frac-
tion of the separated mass consumed by the propellant for the apogee 
maneuver is 46 percent from Cape Canaveral, 40 percent from Kourou, 
and 39 percent from the equator. As a rule of thumb, the mass of a geo-
stationary satellite at beginning of life is on the order of one half its mass 
when separated from the launch vehicle. 

Before performing the apogee maneuver, the spacecraft must be re-
oriented in the transfer orbit to face in the proper direction for the thrust. 
This task is sometimes performed by the launch vehicle at spacecraft 
separation or else must be carried out in a separate maneuver by the 
spacecraft itself. In a launch from Cape Canaveral, the angle through 
which the satellite must be reoriented is about 132. 

Once on station, the spacecraft must frequently perform a variety of 
station keeping maneuvers over its mission life to compensate for orbital 
perturbations. The principal perturbation is the combined gravitational 
attractions of the sun and moon, which causes the orbital inclination to 
increase by nearly one degree per year. This perturbation is compen-
sated by a north-south station keeping maneuver approximately once 
every two weeks so as to keep the satellite within 0.05 of the equatorial 
plane. The average annual velocity increment is about 50 m/s, which 
represents 95 percent of the total station keeping fuel budget. Also, the 
slightly elliptical shape of the earth’s equator causes a longitudinal drift, 
which is compensated by east-west station keeping maneuvers about 
once a week, with an annual velocity increment of less than 2 m/s, to 
keep the satellite within 0.05 of its assigned longitude. 

In addition, solar radiation pressure caused by the transfer of mo-
mentum carried by light and infrared radiation from the sun in the form 
of electromagnetic waves both flattens the orbit and disturbs the orien-
tation of the satellite. The orbit is compensated by an eccentricity control 
maneuver that can sometimes be combined with east-west station keep-
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ing. The orientation of the satellite is maintained by momentum wheels 
supplemented by magnetic torquers and thrusters. However, the wheels 
must occasionally be restored to their nominal rates of rotation by means 
of a momentum wheel desaturation maneuver in which a thruster is 
fired to offset the change in angular momentum. 

Geostationary spacecraft typical of those built during the 1980s have 
solid propellant rocket motors for the apogee maneuver and liquid hy-
drazine thrusters for station keeping and attitude control. The apogee 
kick motor uses a mixture of HTPB fuel and ammonium perchlorate 
oxidizer with a specific impulse of about 285 seconds. The hydrazine 
station keeping thrusters operate by catalytic decomposition and have 
an initial specific impulse of about 220 seconds. They are fed by the pres-
sure of an inert gas, such as helium, in the propellant tanks. As propel-
lant is consumed, the gas expands and the pressure decreases, causing 
the flow rate and the specific impulse to decrease over the mission life. 
The performance of the hydrazine is enhanced in an electro thermal hy-
drazine thruster (EHT), which produces a hot gas mixture at about 1000 
 C with a lower molar mass and higher enthalpy and results in a higher 
specific impulse of between 290 and 300 seconds. 

For example, the Ford Aerospace (now Space Systems/Loral) IN-
TELSAT V satellite has a Thiokol AKM that produces an average thrust 
of 56 kN (12,500 lbf) and burns to depletion in approximately 45 sec-
onds. On-orbit operations are carried out by an array of four 0.44 N (0.1 
lbf) thrusters for roll control, ten 2.0 N (0.45 lbf) thrusters for pitch and 
yaw control and E/W station keeping, and two 22.2 N (5.0 lbf) thrusters 
for repositioning and reorientation. Four 0.3 N (0.07 lbf) EHTs are used 
for N/S station keeping. The nominal mass of the spacecraft at begin-
ning of life (BOL) is 1005 kg and the dry mass at end of life (EOL) is 830 
kg. The difference of 175 kg represents the mass of the propellant for a 
design life of 7 years. 

Satellites launched in the late 1980s and 1990s typically have an 
integrated propulsion system that use a bipropellant combination of 
monomethyl hydrazine as fuel and nitrogen tetroxide as oxidizer. The 
specific impulse is about 300 seconds and fuel margin not used for the 
apogee maneuver can be applied to station keeping. Also, since the apo-
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gee engine is restart able, it can be used for perigee velocity augmenta-
tion and super synchronous transfer orbit scenarios that optimize the 
combined propulsion capabilities of the launch vehicle and the space-
craft. 

For example, the INTELSAT VII satellite, built by Space Systems/
Loral, has a Marquardt 490 N apogee thruster and an array of twelve 
22 N station keeping thrusters manufactured by Atlantic Research Cor-
poration with a 150:1 columbium nozzle expansion ratio and a specific 
impulse of 235 seconds. For an Ariane launch the separated mass in 
GTO is 3610 kg, the mass at BOL is 2100 kg, and the mass at EOL is 1450 
kg. The mission life is approximately 17 years. The Hughes HS-601 sat-
ellite has a similar thruster configuration. The mass is approximately 
2970 kg at launch, 1680 kg at BOL, and 1300 kg for a nominal 14-year 
mission. 

An interesting problem is the estimation of fuel remaining on the 
spacecraft at any given time during the mission life. This information is 
used to predict the satellite end of life. There are no “fuel gauges” so the 
fuel mass must be determined indirectly. There are three principal meth-
ods. The first is called the “gas law” method, which is based on the equa-
tion of state of an ideal gas. The pressure and temperature of the inert 
gas in the propellant tanks is measured by transducers and the volume 
of the gas is computed knowing precisely the pressure and temperature 
at launch. The volume of the remaining propellant can thus be deduced 
and the mass determined from the known density as a function of tem-
perature. Corrections must be applied for the expansion of the tanks and 
the propellant vapor pressure. The second method is called the “book-
keeping” method. In this method the thruster time for each maneuver 
is carefully measured and recorded. The propellant consumed is then 
calculated from mass flow rate expressed in terms of the pressure us-
ing an empirical model. The third method is much more sophisticated 
and is based on the measured dynamics of the spacecraft after a station 
keeping maneuver to determine its total mass. In general, these three in-
dependent methods provide redundant information that can be applied 
to check one another. 
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NEW TECHNOLOGIES 

Several innovative technologies have substantially improved the 
fuel efficiency of satellite station keeping thrusters. The savings in fuel 
can be used to increase the available payload mass, prolong the mission 
life, or reduce the mass of the spacecraft. 

The first of these developments is the electric rocket arc jet technol-
ogy. The arc jet system uses an electric arc to superheat hydrazine fuel, 
which nearly doubles its efficiency. An arc jet thrusters has a specific 
impulse of over 500 seconds. Typical thrust levels are from 0.20 to 0.25 
N. The arc jet concept was developed by the NASA Lewis Research Cen-
ter in Cleveland and thrusters have been manufactured commercially 
by Primex Technologies, a subsidiary of the Olin Corporation. AT&T’s 
Telstar 401 satellite, launched in December 1993 (and subsequently lost 
in 1997 due to an electrical failure generally attributed to a solar flare) 
was the first satellite to use arc jets. The station keeping propellant re-
quirement was reduced by about 40 percent, which was critical to the 
selection of the Atlas IIAS launch vehicle. Similar arcjet systems are used 
on INTELSAT VIII and the Lockheed Martin A2100 series of satellites. 
INTELSAT VIII, for example, has a dual mode propulsion system in-
corporating a bipropellant liquid apogee engine that burns hydrazine 
and oxidizer for orbit insertion and four arcjets that use monopropellant 
hydrazine in the reaction control subsystem for station keeping. 

Electro thermal hydrazine thrusters continue to have applications 
on various geostationary satellites and on some small spacecraft where 
maneuvering time is critical. For example, EHTs are used on the IRIDI-
UM satellites built by Lockheed Martin. 

The most exciting development has been in the field of ion propul-
sion. The propellant is xenon gas. Although the thrust is small and on 
the order of a few millinewtons, the specific impulse is from 2000 to 
4000 seconds, which is about ten to twenty times the efficiency of con-
ventional bipropellant stationkeeping thrusters. Also, the lower thrust 
levels have the virtue of minimizing attitude disturbances during station 
keeping maneuvers. 
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The xenon ion propulsion system, or XIPS (pronounced “zips”), is 
a gridded ion thruster developed by Hughes. This system is available 
on the HS-601 HP (high power) and HS-702 satellite models and allows 
for a reduction in propellant mass of up to 90 percent for a 12 to 15 year 
mission life. A typical satellite has four XIPS thrusters, including two 
primary thrusters and two redundant thrusters. 

Xenon atoms, an inert monatomic gas with the highest molar mass 
(131 kg/kmol), are introduced into a thruster chamber ringed by mag-
nets. Electrons emitted by a cathode knock off electrons from the xenon 
atoms and form positive xenon ions. The ions are accelerated by a pair 
of gridded electrodes, one with a high positive voltage and one with a 
negative voltage, at the far end of the thrust chamber and create more 
than 3000 tiny beams. The beams are neutralized by a flux of electrons 
emitted by a device called the neutralizer to prevent the ions from being 
electrically attracted back to the thruster and to prevent a space charge 
from building up around the satellite. The increase in kinetic energy of 
the ions is equal to the work done by the electric field, so that ½ m v2 = 
q V where q, m, and v are the charge, mass, and velocity of the ions and 
V is the accelerating voltage, equal to the algebraic difference between 
the positive voltage on the positive grid and the negative voltage on the 
neutralizer. The charge to mass ratio of xenon ions is 7.35  105 C/kg. 

The HS-601 HP satellite uses 13-centimeter diameter XIPS engines 
to perform north-south station keeping and to assist the spacecraft’s 
gimballed momentum wheel for roll and yaw control. The accelerating 
voltage is about 750 volts and the ions have a velocity of 33,600 m/s. The 
specific impulse is 3400 seconds with a mass flow rate of 0.6 mg/s and18 
mN of thrust. Each ion thruster operates for approximately 5 hours per 
day and uses 500 W from the available 8 kW total spacecraft power. 

The HS-702 spacecraft has higher power 25-centimeter thrusters 
to perform all station keeping maneuvers and to complement the four 
momentum wheels arranged in a tetrahedron configuration for attitude 
control. The accelerating voltage is 1200 volts, which produces an ion 
beam with a velocity of 42,500 m/s. The specific impulse is 4300 seconds, 
the mass flow rate is 4 mg/s, and the thrust is 165 mN. Each HS-702 ion 
thruster operates for approximately 30 minutes per day and requires 4.5 
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kW from the 10 to 15 kW solar array. The station keeping strategy main-
tains a tolerance of  0.005 that allows for the collocation of several 
satellites at a single orbital slot. 

The HS-702 satellite has a launch mass of up to 5200 kg and an avail-
able payload mass of upto 1200 kg. The spacecraft can carry up to 118 
transponders, comprising 94 active amplifiers and 24 spares. A bipropel-
lant propulsion system is used for orbit acquisition, with a fuel capacity 
of 1750 kg. The XIPS thrusters need only 5 kg of xenon propellant per 
year, a fraction of the requirement for conventional bipropellant or arcjet 
systems. The HS-702 also has the option of using XIPS thrusters for orbit 
raising in transfer orbit to further reduce the required propellant mass 
budget. 

The first commercial satellite to use ion propulsion was PAS-5, which 
was delivered to the PanAmSat Corporation in August 1997. PAS-5 was 
the first HS-601 HP model, whose xenon ion propulsion system, togeth-
er with gallium arsenide solar cells and advanced battery performance, 
permitted the satellite to accommodate a payload twice as powerful 
as earlier HS-601 models while maintaining a 15-year orbital life. Four 
more Hughes satellites with XIPS technology were in orbit by the end 
of 1998. In addition, Hughes also produced a 30-centimeter xenon ion 
engine for NASA’s Deep Space 1 spacecraft, launched in October 1998. 

Launch Vehicles
To date, the only way to achieve the propulsive energy to success-

fully launch spacecraft from Earth has been by combustion of chemi-
cal propellants, although mass drivers may be useful in the future for 
launching material from the Moon or other small bodies. 

There are two groups of rocket propellants, liquids and solids. Many 
spacecraft launches involve the use of both types of rockets, for example 
the solid rocket boosters attached to liquid-propelled rockets. Hybrid 
rockets, which use a combination of solid and liquid, are also being de-
veloped. Solid rockets are generally simpler than liquid, but they can-
not be shut down once ignited. Liquid and hybrid engines may be shut 
down after ignition and conceivably could be re-ignited. 
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Expendable launch vehicles, ELV, are used once. The U.S. Space 
Transportation System, STS, or Shuttle, is a reuseable system. Most of its 
components are refurbished and reused multiple times. 

Figure 1.20. A Sampling of Launch Vehicles of Interest to Interplanetary 
Mission Follows. One Measure of Comparison Among Launch Vehicles is the 

Amount of Mass it can Lift to Geosynchronous Transfer Orbit, GTO.

Launch Sites

If a spacecraft is launched from a site near Earth’s equator, it can 
take optimum advantage of the Earth’s substantial rotational speed. Sit-
ting on the launch pad near the equator, it is already moving at a speed 
of over 1650 km per hour relative to Earth’s center. This can be applied 
to the speed required to orbit the Earth (approximately 28,000 km per 
hour). Compared to a launch far from the equator, the equator-launched 
vehicle would need less propellant, or a given vehicle can launch a more 
massive spacecraft. 

A spacecraft intended for a high-inclination Earth orbit has no such 
free ride, though. The launch vehicle must provide a much larger part, 
or all, of the energy for the spacecraft’s orbital speed, depending on the 
inclination. 
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For interplanetary launches, the vehicle will have to take advantage 
of Earth’s orbital motion as well, to accommodate the limited energy 
available from today’s launch vehicles. The launch vehicle is accelerat-
ing generally in the direction of the Earth’s orbital motion (in addition 
to using Earth’s rotational speed), which has an average velocity of ap-
proximately 100,000 km per hour along its orbital path.

In the case of a spacecraft embarking on a Hohmann interplanetary 
transfer orbit, recall the Earth’s orbital speed represents the speed at 
aphelion or perihelion of the transfer orbit, and the spacecraft’s velocity 
merely needs to be increased or decreased in the tangential direction to 
achieve the desired transfer orbit. 

The launch site must also have a clear pathway downrange so the 
launch vehicle will not fly over populated areas, in case of accidents. 
The STS has the additional constraint of requiring a landing strip with 
acceptable wind, weather, and lighting conditions near the launch site as 
well as at landing sites across the Atlantic Ocean, in case an emergency 
landing must be attempted. 

Launches from the east coast of the United States (the Kennedy 
Space Center at Cape Canaveral, Florida) are suitable only for low in-
clination orbits because major population centers underlie the trajectory 
required for high-inclination launches. High-inclination launches are ac-
complished from Vandenberg Air Force Base on the west coast, in Cali-
fornia, where the trajectory for high-inclination orbits avoids population 
centers. An equatorial site is not preferred for high-inclination orbital 
launches. They can depart from any latitude. Complex ground facilities 
are required for heavy launch vehicles, but smaller vehicles such as the 
Taurus can use transportable facilities. The Pegasus requires none once 
its parent airplane is in flight. 

Launch Windows
A launch window is the span of time during which a launch may 

take place while satisfying the constraints imposed by safety and mis-
sion objectives. For an interplanetary launch, the window is constrained 
typically within a number of weeks by the location of Earth in its orbit 
around the sun, in order to permit the vehicle to use Earth’s orbital mo-



Prof. Dr. Hari Krishnan GOPAKUMAR & Prof. Dr. Ashok JAMMI

81

tion for its trajectory, while timing it to arrive at its destination when the 
target planet is in position. The launch window may also be constrained 
to a number of hours each day, in order to take advantage of Earth’s ro-
tational motion. One example is a vehicle launching from a site near the 
Earth’s terminator which is going into night as the Earth’s rotation takes 
it around away from the sun. If the vehicle were to launch in the early 
morning hours on the other side of the Earth, it would be launching in a 
direction opposite Earth’s orbital motion.

1.16. Rocket launch
A rocket launch is the takeoff phase of the flight of a rocket. Launch-

es for orbital spaceflights, or launches into interplanetary space, are usu-
ally from a fixed location on the ground, but may also be from a floating 
platform (such as the Sea Launch vessel) or, potentially, from a super 
heavy An-225-class airplane.

“Rocket launch technologies” generally refers to the entire set of sys-
tems needed to successfully launch a vehicle, not just the vehicle itself, 
but also the firing control systems, ground control station, launch pad, 
and tracking stations needed for a successful launch and/or recovery. 
Orbital launch vehicles commonly take off vertically, and then begin to 
progressively lean over, usually following a gravity turn trajectory.

Once above the majority of the atmosphere, the vehicle then angles 
the rocket jet, pointing it largely horizontally but somewhat downwards, 
which permits the vehicle to gain and then maintain altitude while in-
creasing horizontal speed. As the speed grows, the vehicle will become 
more and more horizontal until at orbital speed, the engine will cut off.
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UNIT II  
SPACE SEGMENT and SATELLITE LINK DESIGN

A spacecraft is a vehicle, or machine designed to fly in outer space. 
Spacecraft are used for a variety of purposes, including communica-
tions, earth observation, meteorology, navigation, space colonization, 
planetary exploration, and transportation of humans and cargo.

On a sub-orbital spaceflight, a spacecraft enters space and then re-
turns to the surface, without having gone into an orbit. For orbital space-
flights, spacecraft enter closed orbits around the Earth or around other 
celestial bodies. Spacecraft used for human spaceflight carry people on 
board as crew or passengers from start or on orbit (space stations) only, 
while those used for robotic space missions operate either autonomous-
ly or tele robotically. Robotic spacecraft used to support scientific re-
search are space probes. Robotic spacecraft that remain in orbit around 
a planetary body are artificial satellites. Only a handful of interstellar 
probes, such as Pioneer 10 and 11, Voyager 1 and 2, and New Horizons, 
are currently on trajectories that leave our Solar System. Orbital space-
craft may be recoverable or not. By method of reentry to Earth they may 
be divided in non-winged space capsules and winged spaceplanes.

2.1. Spacecraft Technology 
A satellite communications system can be broadly divided into two 

segments a ground segment and a space segment.
The space segment will obviously include the satellites, but it also 

includes the ground facilities needed to keep the satellites operational, 
these being referred to as the tracking, telemetry, and command (TT&C) 
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facilities. In many networks it is common practice to employ a ground 
station solely for the purpose of TT&C.

Figure 2.1 (a) Satellite Structure.

The equipment carried aboard the satellite also can be classified ac-
cording to function. The payload refers to the equipment used to provide 
the service for which the satellite has been launched.

In a communications satellite, the equipment which provides the 
connecting link between the satellites transmit and receive antennas is 
referred to as the transponder. The transponder forms one of the main 
sections of the payload, the other being the antenna subsystem. 

Areas of Engineering Involved

Spacecraft design brings together aspects of various disciplines, 
namely:

•	 Astronautics for mission design and derivation of the design re-
quirements,

•	 Systems engineering for maintaining the design baseline and 
derivation of subsystem requirements,
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•	 Communications engineering for the design of the subsystems 
which communicate with the ground (e.g. telemetry) and per-
form ranging.

•	 Computer engineering for the design of the on-board computers 
and computer buses. This subsystem is mainly based on terres-
trial technologies, but unlike most of them, it must: cope with 
space environment, be highly autonomous and provide higher 
fault-tolerance. It may incorporate space qualified radiation-hard-
ened components.

•	 Software engineering for the on-board software which runs all 
the on-board applications, as well as low-level control software. 
This subsystem is very similar to terrestrial real-time and embed-
ded software designs,

•	 Electrical engineering for the design of the power subsystem, 
which generates, stores and distributes the electrical power to all 
the on-board equipment,

•	 Control theory for the design of the attitude and orbit control 
subsystem, which points the spacecraft correctly, and maintains 
or changes the orbit according to the mission profile; the hard-
ware used for actuation and sensing in space is usually very spe-
cific to spacecraft,

•	 Thermal engineering for the design of the thermal control sub-
system (including radiators, insulation and heaters), which main-
tains environmental conditions compatible with operations of 
the spacecraft equipment; This subsystem has very space-specific 
technologies, since in space, radiation and conduction usually 
dominate as thermal effects, by opposition with Earth where con-
vection is typically the main one,

•	 Propulsion engineering for the design of the propulsion subsys-
tem, which provides means of transporting the spacecraft from 
one orbit to another,

•	 Mechanical engineering for the design of the spacecraft struc-
tures and mechanisms. These include beams, panels, and de-
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ployable appendages or separation devices (to separate from the 
launch vehicle).

Spacecraft Subsystems
Structure
The spacecraft bus carries the payload. Its subsystems support the 

payload and helps in pointing the payload correctly. It puts the payload 
in the right orbit and keeps it there. It provides housekeeping functions. 
It also provides orbit and attitude maintenance, electric power, com-
mand, telemetry and data handling, structure and rigidity, temperature 
control, data storage and communication, if required. The payload and 
spacecraft bus may be different units or it may be a combined one. The 
booster adapter provides the load-carrying interface with the vehicle 
(payload and spacecraft bus together).

The spacecraft may also have a propellant load, which is used to 
drive or push the vehicle upwards, and a propulsion kick stage. The 
propellant commonly used is a compressed gas like nitrogen, liquid 
such as monopropellant hydrazine or solid fuel, which is used for ve-
locity corrections and attitude control. In a kick stage (also called apogee 
boost motor, propulsion module, or integral propulsion stage) a sepa-
rate rocket motor is used to send the spacecraft into its mission orbit. 
While designing a spacecraft, the orbit which is going to be used should 
be considered into the point as it affects attitude control, thermal de-
sign, and the electric power subsystem. But these effects are secondary 
as compared to the effect caused on the payload due to the orbit. Thus 
while designing the mission; the designer selects such an orbit which 
increases the payload performance. The designer even calculates the re-
quired spacecraft performance characteristics such as pointing, thermal 
control, power quantity, and duty cycle. The spacecraft is then made, 
which satisfies all the requirements.

Attitude Determination and Control
The attitude determination and control subsystem (ADCS) is used 

to change the attitude (orientation) of the spacecraft. There are some ex-
ternal torques acting on the spacecraft along the axis passing through 
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its centre of gravity which can reorient the ship in any direction or can 
give it a spin. The ADCS nullifies these torques by applying equal and 
opposite torques using the propulsion and navigation subsystems. Mo-
ment of inertia of the body is to be calculated to determine the exter-
nal torques which also requires determination of vehicle’s absolute at-
titude using sensors. The property called ‘gyroscopic stiffness’ is used 
to reduce the spinning effect. The simplest spacecraft achieve control 
by spinning or interacting with the Earth’s magnetic or gravity fields. 
Sometimes they are uncontrolled. Spacecraft may have several bodies or 
they are attached to important parts, such as solar arrays or communica-
tion antennas which need individual attitude pointing. For controlling 
the appendage’s attitude, actuators are often used, with separate sensors 
and controllers. The various types of control techniques used are:

•	 Passive Control Techniques.
•	 Spin Control Techniques.
•	 Three-axis Control Techniques.

Telemetry, Tracking and Command
Telemetry, tracking, and command (TT&C) is used for communica-

tion between spacecraft and the ground systems. The subsystem func-
tions are:

•	 Controlling of spacecraft by the operator on earth
•	 Receive the uplink commands, process and send them to other 

subsystems for implication.
•	 Receive the downlink commands from subsystems, process and 

transmit them to earth.
•	 Inform constantly about the spacecraft position.

Communication
The process of sending information towards the spacecraft is called 

uplink or forward link and the opposite process is called downlink or 
return link. Uplink consists of commands and ranging tones where as 
downlink consists of status telemetry, ranging tones and even may in-
clude payload data. Receiver, transmitter and a wide-angle (hemispher-
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ic or omnidirectional) antenna are the main components of a basic com-
munication subsystem. Systems with high data rates may even use a 
directional antenna, if required. The subsystem can provide us with the 
coherence between uplink and downlink signals, with the help of which 
we can measure range-rate Doppler shifts. The communication sub-
system is sized by data rate, allowable error rate, communication path 
length, and RF frequency.

The vast majority of spacecraft communicate using radio antennas 
-- satellite communication. A few spacecraft communicate using lasers 
-- either directly to the ground as with LADEE; or between satellites as 
with OICETS, Artemis, Alphabus, and the European Data Relay System.

Power
The electrical power subsystem (EPS) consists of 4 subunits:
•	 Power Source (Battery, solar cell, fuelcells, thermoelectric couple)
•	 Storage unit (No. of batteries in series)
•	 Power Distribution (Cabling, switching, shock protection)
•	 Power Regulation and Control (To prevent battery overcharging 

and overheating)

Thermal
Thermal control subsystem (TCS) is used to maintain the tempera-

ture of all spacecraft components within certain limits. Both upper and 
lower limits are defined for each component. There are two limits, name-
ly, operational (in working conditions) and survival (in non-working 
conditions). Temperature is controlled by using insulators, radiators, 
heaters, louvers and by giving proper surface finish to components.

Propulsion
The main function of the propulsion subsystem is to provide thrust 

so as to change the spacecraft’s translational velocity or to apply torques 
to change its angular momentum. There is no requirement of thrust 
and hence even no requirement of propulsion equipment in a simplest 
spacecraft. But many of them need a controlled thrust in their system, 
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so their design includes some form of metered propulsion (a propulsion 
system that can be turned on and off in small increments). Thrusting is 
used for the following purposes: for changing the orbital parameters, 
to control attitude during thrusting, correct velocity errors, maneuver, 
counter disturbance forces (e.g., drag), and control and correct angular 
momentum. The propulsion subsystem includes a propellant, tankage, 
distribution system, pressurant, and propellant controls. It also includes 
thrusters or engines.

2.2. The Power Supply
The primary electrical power for operating the electronic equipment 

is obtained from solar cells. Individual cells can generate only small 
amounts of power, and therefore, arrays of cells in series-parallel connec-
tion are required. Figure shows the solar cell panels for the HS 376 sat-
ellite manufactured by Hughes Space and Communications Company. 
In geostationary orbit the telescoped panel is fully extended so that both 
are exposed to sun- light. At the beginning of life, the panels produce 
940 W dc power, which may dropto760Wat the endof10years. During 
eclipse, power is provided by two nickel-cadmium (Ni-Cd) long-life bat-
teries, which will deliver 830 W. At the end of life, battery recharge time 
is less than 16 h capacity of cylindrical and solar-sail satellites.

Figure 2.1. (b) Satellite Cclipse Time as a function of the Current  
Day of the Year.
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Attitude Control & Orbit Control
The attitude of a satellite refers to its orientation in space. Much of the 

equipment carried aboard a satellite is there for the purpose of control- 
ling its attitude. Attitude control is necessary, for example, to ensure 
that directional antennas point in the proper directions. In the case of 
earth environmental satellites, the earth-sensing instruments must cover 
the required regions of the earth, which also requires attitude control. A 
number of forces, referred to as disturbance torques, can alter the attitude, 
some examples being the gravitational fields of the earth and the moon, 
solar radiation, and meteorite impacts. Attitude control must not be con- 
fused with station keeping, which is the term used for maintaining a sat-
ellite in its correct orbital position, although the two are closely related. 
To exercise attitude control, there must be available some measure of a 
satellite’s orientation in space and of any tendency for this to shift. In 
one method, infrared sensors, referred to as horizon detectors, are used to 
detect the rim of the earth against the background of space. With the use 
of four such sensors, one for each quadrant, the center of the earth can 
be readily established as a reference point. Usually, the attitude-control 
process takes place aboard the satellite, but it is also possible for control 
signals to be transmitted from earth, based on attitude data obtained 
from the satellite. Also, where a shift in attitude is desired, an attitude 
maneuver is executed. The control signals needed to achieve this maneu-
ver may be transmitted from an earth station.

Controlling torques may be generated in a number of ways. Passive 
attitude control refers to the use of mechanisms which stabilize the satel-
lite without putting a drain on the satellite’s energy supplies; at most, 
infrequent use is made of these supplies, for example, when thruster jets 
are impulse to provide corrective torque. Examples of passive attitude 
control are spin stabilization and gravity gradient stabilization.

The other form of attitude control is active control. With active at-
titude control, there is no overall stabilizing torque present to resist the 
disturbance torques. Instead, corrective torques are applied as required 
in response to disturbance torques. Methods used to generate active con-
trol torques include momentum wheels, electromagnetic coils, and mass 
expulsion devices, such as gas jets and ion thrusters.
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Figure 2.2. Roll, Pitch and Yaw Axes.

The yaw axis is directed toward the earth’s center, the pitch axis is 
normal to the orbital plane, and the roll axis is perpendicular to the other 
two. (b) RPY axes for the geostationary orbit. Here, the roll axis is tan-
gential to the orbit and lies along the satellite velocity vector.

The three axes which define a satellite’s attitude are its roll, pitch, and 
yaw (RPY) axes. These are shown relative to the earth in Fig. 7.4. All three 
axes pass through the center of gravity of the satellite. For an equatorial 
orbit, movement of the satellite about the roll axis moves the antenna 
footprint north and south; movement about the pitch axis moves the 
footprint east and west; and movement about the yaw axis rotates the 
antenna footprint.

2.3. Spinning Satellite Stabilization
Spin stabilization may be achieved with cylindrical satellites. The 

satellite is constructed so that it is mechanically balanced about one par-
ticular axis and is then set spinning around this axis. For geostationary 
satellites, the spin axis is adjusted to be parallel to the N-S axis of the 
earth, as illustrated in Fig. 7.5. Spin rate is typically in the range of 50 
to 100 rev/min. Spin is initiated during the launch phase by means of 
small gas jets. In the absence of disturbance torques, the spinning satel-
lite would maintain its correct attitude relative to the earth. Disturbance 
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torques are generated in a number of ways, both external and internal 
to the satellite.

Solar radiation, gravitational gradients, and meteorite impacts are all 
examples of external forces which can give rise to disturbance torques. 
Motor-bearing friction and the movement of satellite elements such as 
the antennas also can give rise to disturbance torques. 

Figure 2.3. Spin Stabilization in the Geostationary Orbit.

 The spin axis lies along the pitch axis, parallel to the earth’s N-S 
axis. Overall effect is that the spin rate will decrease, and the direction 
of the angular spin axis will change. Impulse-type thrusters, or jets, can 
be used to increase the spin rate again and to shift the axis back to its 
correct N-S orientation. Nutation, which is a form of wobbling, can occur 
as a result of the disturbance torques and/or from misalignment or un-
balance of the control jets. This nutation must be damped out by means 
of energy absorbers known as nutation dampers.

The antenna feeds can therefore be connected directly to the tran-
sponders without the need for radiofrequency (rf) rotary joints, while 
the complete platform is despun. Of course, control signals and pow-
er must be transferred to the despun section, and a mechanical bearing 
must be provided. The complete assembly for this is known as the bearing 
and power transfer assembly (BAPTA). Figure 2.4 shows a photograph of 
the internal structure of the HS 376. Certain dual-spin spacecraft obtain 
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spin stabilization from a spinning fly-wheel rather than by spinning the 
satellite itself. These flywheels are termed momentum wheels, and their 
average momentum is referred to as momentum bias.

Figure 2.4. HS 376 Spacecraft.

Momentum Wheel Stabilization 
In the previous section the gyroscopic effect of a spinning satellite 

was shown to provide stability for the satellite attitude.
Stability also can be achieved by utilizing the gyroscopic effect of 

a spinning flywheel, and this approach is used in satellites with cube-
like bodies (such as shown in Fig.) and the INTELSAT V type satellites 
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shown in Fig. These are known as body-stabilized satellites. The complete 
unit, termed a momentum wheel, consists of a flywheel, the bearing as-
sembly, the casing, and an electric drive motor with associated electronic 
control circuitry. 

The flywheel is attached to the rotor, which consists of a permanent 
magnet providing the magnetic field for motor action. The stator of the 
motor is attached to the body of the satellite.

Thus the motor provides the coupling between the flywheel and the 
satellite structure. Speed and torque control of the motor is exercised 
through the currents fed to the stator.

Figure 2.5.  Alternative Momentum Wheel Stabilization Systems: (a) One-
Wheel, (b) Two- Wheel, (c) Three-Wheel.
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When a momentum wheel is operated with zero momentum bias, 
it is generally referred to as a reaction wheel. Reaction wheels are used 
in three-axis stabilized systems. Here, as the name suggests, each axis 
is stabilized by a reaction wheel, as shown in Fig. 7.8c. Reaction wheels 
can also be combined with a momentum wheel to provide the control 
needed.

Random and cyclic disturbance torques tends to produce zero mo-
mentum on average. However, there will always be some disturbance 
torques that causes a cumulative increase in wheel momentum, and 
eventually at some point the wheel saturates.

In effect, it reaches its maximum allowable angular velocity and can 
no longer take in any more momentum. Mass expulsion devices are then 
used to unload the wheel, that is, remove momentum from it (in the 
same way brake removes energy from a moving vehicle). Of course, op-
eration of the mass expulsion devices consumes part of the satellite’s 
fuel supply.

Thermal Control and Propulsion 

Satellites are subject to large thermal gradients, receiving the sun’s 
radiation on one side while the other side faces into space. In addition, 
thermal radiation from the earth and the earth’s albedo, which is the frac-
tion of the radiation falling on earth which is reflected, can be significant 
for low-altitude earth-orbiting satellites, although it is negligible for geo-
stationary satellites. Equipment in the satellite also generates heat which 
has to be removed. The most important consideration is that the satel-
lite’s equipment should operate as nearly as possible in a stable tempera-
ture environment. Various steps are taken to achieve this. Thermal blan-
kets and shields may be used to provide insulation. Radiation mirrors 
are often used to remove heat from the communications payload.

The mirrored thermal radiator for the Hughes HS 376 satellite can be 
seen in Fig. These mirrored drums surround the communications equip-
ment shelves in each case and pro- vide good radiation paths for the 
generated heat to escape into the surrounding space.
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One advantage of spinning satellites compared with body-stabilized 
is that the spinning body provides an averaging of the temperature ex-
tremes experienced from solar flux and the cold back- ground of deep 
space.

In order to maintain constant temperature conditions, heaters may 
be switched on to make up for the heat reduction which occurs when 
transponders are switched off. The INTELSAT VI satellite used heaters 
to maintain propulsion thrusters and line temperatures. 

2.5. Communication Payload & Supporting Subsystems
The physical principle of establishing communication connections 

between remote communication devices dates back to the late 1800s 
when scientists were beginning to understand electromagnetism and 
discovered that electromagnetic (EM) radiation (also called EM waves) 
generated by one device can be detected by another located at some dis-
tance away.

By controlling certain aspect s of the radiation (through a process 
called modulation, explained in Section 4.4), useful information can be 
embedded in the EM waves and transmitted from one device to another. 
The second major module is the communication payload, which is made 
up of transponders. A transponder is capable of:

•	 Receiving uplinked radio signals from earth satellite transmis-
sion stations. 

•	 Amplifying received radio signals 
•	 Sorting the input signals and directing the output signals through 

input/output signal multiplexers to the proper downlink anten-
nas for retransmission to earth satellite receiving stations (anten-
nas). 

2.6. TT&C Subsystem 
The main functions of TT&C are:
1) Monitor the performance of all the satellite sub-systems and 

transmit the monitored data to the satellite control center and
2)  Support the determination of orbital parameters. 
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3) Provide a source earth station for tracking and Receive com-
mands from the control center for performing various functions of the 
satellite. 

Telemetry System
The telemetry, tracking, and command (TT&C) subsystem performs 

several routine Functions abroad a spacecraft. The telemetry or “teleme-
tering” function could be interpreted as “measurement at a distance”. 
Specifically, it refers to the overall operation of generating an electrical 
signal proportional to the quantity being measured, and encoding and 
transmitting this to a distant station, which for satellite is one of the earth 
stations.

Data that are transmitted as telemetry signals include attribute in-
formation such as  obtained from sun earth sensors, environmental in-
formation such as magnetic field intensity and direction the frequency of 
meteorite impact and so on and spacecraft information such as tempera-
tures and power supply voltages, and stored fuel pressure.

Summary of the parameters monitored by the Telemetry system are:
1) Voltage, current and temperature of all major sub-systems. 
2) Switch status of communication transponders. 
3) Pressure of the propulsion tanks 
4) Outputs from altitude sensors. 
5) Reaction wheel speed 

Command Systems
Command system receives instructions from ground system of sat-

ellite and decodes the instruction and sends commends to other systems 
as per the instruction. Example of commands are:

1) Transponder switching 
2) Switch matrix configuration 
3) Antenna pointing control 
4) Controlling direction and speed of solar array drive 
5) Battery reconditioning 



Prof. Dr. Hari Krishnan GOPAKUMAR & Prof. Dr. Ashok JAMMI

97

6) Beacon switching 
7) Thruster firing 
8) Switching heaters of the various sub-systems 

Tracking
Tracking of the satellite is accomplished by having the satellite is 

accomplished by having the satellite transmit beacon signals which are 
received at the TT&C earth stations. Tracking is obviously important 
during the transmitter and drift orbital phases of the satellite launch.

When on-station, a geo-stationary satellite will tend to shifted as a 
result of the various distributing forces, as described previously. There-
fore, it is necessary to be able to track the satellites movements and send 
correction signals as required. Satellite range is also required for time to 
time. This can be determined by measurement of propagation delay of 
signals specially transmitted for ranging purposes.

2.6.1. Transponders
A transponder is the series of interconnected units which forms a 

single communications channel between the receive and transmit anten-
nas in a communications satellite. Some of the units utilized by a tran-
sponder in a given channel may be common to a number of transpon-
ders. Thus, although reference may be made to a specific transponder, 
this must be thought of as an equipment channel rather than a single 
item of equipment. Before describing in detail the various units of a tran-
sponder, the overall frequency arrangement of a typical C-band com-
munications satellite will be examined briefly. The bandwidth allocated 
for C-band service is 500 MHz, and this is divided into sub bands, one 
transponder. A typical transponder bandwidth is 36 MHz, and allowing 
for a 4-MHz guard band between transponders, 12 such transponders 
can be accommodated in the 500-MHz bandwidth.
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Figure 2.8. Satellite Control System. 

By making use of polarization isolation, this number can be doubled. 
Polarization isolation refers to the fact that carriers, which may be on the 
same frequency but with opposite senses of polarization, can be isolated 
from one another by receiving antennas matched to the incoming polar-
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ization. With linear polarization, vertically and horizontally polarized 
carriers can be separated in this way, and with circular polarization, left-
hand circular and right-hand circular polarizations can be separated.  

Frequency reuse also may be achieved with spot-beam antennas, 
and these may be combined with polarization reuse to provide an effec-
tive bandwidth of 2000 MHz from the actual bandwidth of 500 MHz The 
incoming, or uplink, frequency range is 5.925 to 6.425 GHz.

The frequency conversion shifts the carriers to the downlink fre-
quency band, which is also 500 MHz wide, extending from 3.7 to 4.2 
GHz. At this point the signals are channelized into frequency bands 
which represent the individual transponder bandwidths.

2.6.2. The Wideband Receiver 

The wideband receiver is shown in more detail in Fig. 2.10. A du-
plicate receivers provided so that if one fails, the other is automatically 
switched in. The combination is referred to as a redundant receiver, mean-
ing that although two are provided, only one is in use at a given time.

The first stage in the receiver is a low-noise amplifier (LNA). This am-
plifier adds little noise to the carrier being amplified, and at the same 
time it provides sufficient amplification for the carrier to override the 
higher noise level present in the following mixer stage.
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Figure 2.10. Satellite Transponder Channels.

Figure 2.11. Satellite Wideband Receiver. 
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In a well-designed receiver, the equivalent noise temperature re-
ferred to the LNA input is basically that of the LNA alone. The overall 
noise temperature must take into account the noise added from the an-
tenna.

The equivalent noise temperature of a satellite receiver may be on 
the order of a few hundred kelvins. The LNA feeds into a mixer stage, 
which also requires a local oscillator (LO) signal for the frequency-con-
version process. With advances in field-effect transistor (FET) technology, 
FET amplifiers, which offer equal or better performance, are now avail-
able for both bands. Diode mixer stages are used. The amplifier follow-
ing the mixer may utilize bipolar junction transistors (BJTs) at 4 GHz and 
FETs at 12 GHz, or FETs may in fact be used in both bands.

The Input Demultiplexer 
The input demultiplexer separates the broadband input, covering 

the frequency range 3.7 to 4.2 GHz, into the transponder frequency chan-
nels. This provides greater frequency separation between adjacent chan-
nels in a group, which reduces adjacent channel interference. The output 
from the receiver is fed to a power splitter, which in turn feeds the two 
separate chains of circulators.
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Figure 2.12. Satellite Input Multiplexer.

The full broadband signal is transmitted along each chain, and the 
channelizing is achieved by means of channel filters connected to each 
circulator, Each filter has a bandwidth of 36 MHz and is tuned to the 
appropriate center frequency, as shown in Fig. 2.11. Although there are 
considerable losses in the demultiplexer, these are easily made up in the 
overall gain for the transponder channels.

2.6.3. The Power Amplifier 
The fixed attenuation is needed to balance out variations in the input 

attenuation so that each transponder channel has the same nominal at-
tenuation, the necessary adjustments being made during assembly.

The variable attenuation is needed to set the level as required for 
different types of service (an example being the requirement for input 
power back off discussed later). Because this variable attenuator adjust-
ment is an operational requirement, it must be under the control of the 
ground TT&C station.

Traveling-wave tube amplifiers (TWTAs) are widely used in transpon-
ders to provide the final output power required to the transmit antenna. 
Figure 2.13 shows the schematic of a traveling wave tube (TWT) and its 
power supplies.
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In the TWT, an electron-beam gun assembly consisting of a heater, 
a cathode, and focusing electrodes is used to form an electron beam. A 
magnetic field is required to confine the beam to travel along the inside 
of a wire helix.

Figure 2.13. Satellite TWTA.

The comparatively large size and high power consumption of sole-
noids make them unsuitable for use aboard satellites, and lower-power 
TWTs are used which employ permanent- magnet focusing.

The wave actually will travel around the helical path at close to the 
speed of light, but it is the axial component of wave velocity which inter-
acts with the electron beam. This component is less than the velocity of 
light approximately in the ratio of helix pitch to circumference. Because 
of this effective reduction in phase velocity, the helix is referred to as a 
slowwave structure.

The advantage of the TWT over other types of tube amplifiers is that 
it can provide amplification over a very wide bandwidth. Input levels to 
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the TWT must be carefully controlled, however, to minimize the effects 
of certain forms of distortion. The worst of these result from the nonlin-
ear transfer characteristic of the TWT, illustrated in Fig. 2.14.

Figure 2.14. Power Transfer Characteristics of a TWT. 

The saturation point is used as dB reference for both input and out-
put. At low-input powers, the output-input power relationship is linear; 
that is, a given decibel change in input power will produce the same 
decibel change in output power. At higher power inputs, the output 
power saturates, the point of maximum power output being known as 
the saturation point.

The saturation point is a very convenient reference point, and input 
and output quantities are usually referred to it. The linear region of the 
TWT is defined as the region bound by the thermal noise limit at the low 
end and by what is termed the 1-dB compression point at the upper end. 
This is the point where the actual transfer curve drops.
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2.7. Satellite Uplink and Downlink Analysis and Design
These calculations basically relate two quantities, the transmit pow-

er and the receive power, and show in detail how the difference between 
these two powers is accounted for.

Link-budget calculations are usually made using decibel or decilog 
quantities. These are explained in App. G. In this text [square] brackets 
are used to denote decibel quantities using the basic power definition. 
Where no ambiguity arises regarding the units, the abbreviation dB 
is used. For example, Boltzmann’s constant is given as 228.6 dB, al-
though, strictly speaking, this should be given as 228.6deci logs rela-
tive to 1 J/K.

Equivalent Isotropic Radiated Power 
A key parameter in link -budget calculations is the equivalent isotro-

pic radiated power, conventionally denoted as EIRP. From Eqs, the maxi-
mum power flux density at some distance r from transmitting antenna 
of gain G i

                   Pr=

An isotropic radiator with an input power equal to GPS would 
produce the same flux density. Hence, this product is referred to as the 
EIRP, or EIRP is often expressed in decibels relative to 1 W, or dBW. Let 
PS be in watts; then

[EIRP] = [PS] x [G] dB, where [PS] is also in dBW and [G] is in dB.

Transmission Losses 
The [EIRP] may be thought of as the power input to one end of the 

transmission link, and the problem is to find the power received at the 
other end. Losses will occur along the way, some of which are constant. 
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Other losses can only be estimated from statistical data, and some of 
these are dependent on weather conditions, especially on rainfall.

The first step in the calculations is to determine the losses for clear- 
weather or clear-sky conditions. These calculations take into account the 
losses, including those calculated on a statistical basis, which do not 
vary significantly with time. Losses which are weather-related, and oth-
er losses which fluctuate with time, are then allowed for by introducing 
appropriate fade margins into the transmission equation.

Free-Space Transmission
As a first step in the loss calculations, the power loss resulting from 

the spreading of the signal in space must be determined.

Feeder Losses
Losses will occur in the connection between the receive antenna 

and the receiver proper. Such losses will occur in the connecting wave-
guides, filters, and couplers. These will be denoted by RFL, or [RFL] dB, 
for receiver feeder losses.

Antenna Misalignment Losses
When a satellite link is established, the ideal situation is to have the 

earth station and satellite antennas aligned for maximum gain, as shown 
in Fig. There are two possible sources of off-axis loss, one at the satellite 
and one at the earth station, as shown in Fig.

The off-axis loss at the satellite is taken into account by designing 
the link for operation on the actual satellite antenna contour; this is de-
scribed in more detail in later sections. The off-axis loss at the earth sta-
tion is referred to as the antenna pointing loss. Antenna pointing losses are 
usually only a few tenths of a decibel;

In addition to pointing losses, losses may result at the antenna from 
misalignment of the polarization direction (these are in addition to the 
polarization losses described in Chap. 5). The polarization misalignment 
losses are usually small, and it will be assumed that the antenna mis-
alignment losses, denoted by [AML], include both pointing and polar-
ization losses resulting from antenna misalignment. 
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Figure 2.15. (a)Satellite and Earth-Station Antennas Aligned For Maximum 
gain; (b)Earth Station Situated on a Given Satellite “Footprint,” and Earth-

Station Antenna Misaligned.

2.8. The Link-Power Budget Equation 
Now that the losses for the link have been identified, the power at 

the receiver, which is the power output of the link, may be calculated 
simply as [EIRP] [LOSSES] [GR], where the last quantity is the receiver 
antenna gain. Note carefully that decibel addition must be used. The ma-
jor source of loss in any ground-satellite link is the free-space spreading 
loss [FSL], the basic link-power budget equation taking into account this 
loss only. However, the other losses also must be taken into account, and 
these are simply added to [FSL]. The losses for clear-sky conditions are
[LOSSES] = [FSL] + [RFL] + [AML] + [AA] - [PL] equation for the
received power is then

[PR] = [EIRP] x [GR] - [LOSSES]

           where [PR] Is the received power, dBW

[EIRP] equivalent isotropic radiated power, dBW [FSL] free-space
Spreading loss, dB
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[RFL] receiver feeder loss, dB [AML] antenna misalignment loss, dB

[AA] atmospheric absorption loss, dB [PL] polarization mismatch 
loss,

2.9. Amplifier Noise Temperature

Consider first the noise representation of the antenna and the low 
noise amplifier (LNA) shown in Fig. 2.15. The available power gain of the 
amplifier is denoted as G, and the noise power output, as Pno.

Figure 2.15. LNA Amplifier Gain.

For the moment we will work with the noise power per unit band-
width, which is simply noise energy in joules. The input noise energy 
coming from the antenna is 

N0, ant = kTant
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2.10. The Uplink 
The uplink of a satellite circuit is the one in which the earth station 

is transmitting the signal and the satellite is receiving it specifically that 
the uplink is being considered.

2.10.1. Input Back Off
Number of carriers are present simultaneously in a TWTA, the oper-

ating point must be backed off to a linear portion of the transfer charac-
teristic to reduce the effects of inter modulation distortion. Such multiple 
carrier operation occurs with frequency- division multiple access (FDMA), 
which is described in Chap. 14. The point to be made here is that back off 
(BO) must be allowed for in the link- budget calculations.

Suppose that the saturation flux density for single-carrier operation 
is known. Input BO will be specified for multiple-carrier operation, re-
ferred to the single-carrier saturation level. The earth-station EIRP will 
have to be reduced by the specified BO, resulting in an uplink value of 
[EIRP] U = [EIRPS]U + [BO]I

2.10.2. The Earth Station HPA
The earth station HPA has to supply the radiated power plus the 

transmit feeder losses, denoted here by TFL, or [TFL] dB. These include 
waveguide, filter, and coupler losses between the HPA output and the 
transmit antenna. 

The earth station itself may have to transmit multiple carriers, and 
its output also will require back off, denoted by [BO] HPA. The earth sta-
tion HPA must be rated for a saturation power output given by [PHPA,-
sat] = [PHPA] + [BO]HPA

2.11. Downlink 
The downlink of a satellite circuit is the one in which the satellite 

is trans-mitting the signal and the earth station is receiving it. Equation 
can be applied to the downlink, but subscript D will be used to denote 
specifically that the downlink is being considered.
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2.11.1 Output Back-Off
Where input BO is employed as described in a corresponding out-

put BO must be allowed for in the satellite EIRP. As the curve of Fig. 2.16 
shows, output BO is not linearly related to input BO. A rule of thumb, 
frequently used, is to take the output BO as the point on the curve which 
is 5 dB below the extrapolated linear portion, as shown in Fig. 12.7. Since 
the linear portion gives a 1:1 change in decibels, the relationship between 
input and output BO

Figure 2.16. Input and Output Back-Off Relationship for the Satellite 
Traveling-Wave-Tube Amplifier; [BO] I [BO] 0 5 dB.

2.11.2. Effects of Rain 
In the C band and, more especially, the Ku band, rainfall is the most 

significant cause of signal fading. Rainfall results in attenuation of radio 
waves by scattering and by absorption of energy from the wave. Rain 
attenuation increases with increasing frequency and is worse in the Ku 
band compared with the C band. This produces a depolarization of the 
wave; in effect, the wave becomes elliptically polarized. This is true for 
both linear and circular polarizations, and the effect seems to be much 
worse for circular polarization. The C/N0 ratio for the downlink alone, 
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not counting the PNU contribution, is PR/PND, and the combined C/
N0 ratio at the ground receiver is

Figure 2.17. (a) Combined Uplink and Downlink; (b) Power Flow Diagram

The reason for this reciprocal of the sum of the reciprocals method 
is that a single signal power is being transferred through the system, 
while the various noise powers, which are present are additive. Similar 
reasoning applies to the carrier-to-noise ratio, C/N.

2.12. Inter Modulation and Interference
Intermodulation interference is the undesired combining of sever-

al signals in a nonlinear device, producing new, unwanted frequencies, 
which can cause interference in adjacent receivers located at repeater 
sites. Not all interference is a result of intermodulation distortion. It can 
come from co-channel interference, atmospheric conditions as well as 
man-made noise generated by medical, welding and heating equipment. 
Most intermodulation occurs in a transmitter’s nonlinear power ampli-
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fier (PA). The next most common mixing point is in the front end of a 
receiver. Usually it occurs in the unprotected first mixer of older model 
radios or in some cases an overdriven RF front-end amp. Intermodula-
tion can also be produced in rusty or corroded tower joints, guy wires, 
turnbuckles and anchor rods or any nearby metallic object, which can act 
as a nonlinear “mixer/rectifier” device.

2.13. Propagation Characteristics and Frequency Considerations
2.13.1. Introduction
A number of factors resulting from changes in the atmosphere have 

to be taken into account when designing a satellite communications sys-
tem in order to avoid impairment of the wanted signal. Generally, a mar-
gin in the required carrier-to-noise ratio is incorporated to accommodate 
such effects.

2.13.2. Radio Noise
Radio noise emitted by matter is used as a source of information in 

radio astronomy and in remote sensing. Noise of a thermal origin has 
a continuous spectrum, but several other radiation mechanisms cause 
the emission to have a spectral -line structure. Atoms and molecules are 
distinguished by their different spectral lines.

For other services such as satellite communications noise is a limit-
ing factor for the receiving system; generally, it is inappropriate to use 
receiving systems with noise temperatures which are much less than 
those specified by the minimum external noise.

From about 30 MHz to about 1 GHz cosmic noise predominates over 
atmospheric noise except during local thunderstorms, but will generally 
be exceeded by man-made noise in populated areas.

In the bands of strong gaseous absorption, the noise temperature 
reaches maximum values of some 290 K. At times, precipitation will also 
increase the noise temperature at frequencies above 5 GHz.
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Figure 2.18. Sky-Noise Temperature for Clear Air.

2.14. System Reliability and Design Lifetime 

2.14.1. System Reliability 

Satellites are designed to operate dependably throughout their op-
erational life, usually a number of years. This is achieved through strin-
gent quality control and testing of parts and subsystems before they are 
used in the construction of the satellite.

Redundancy of key components is often built in so that if a par-
ticular part or subassembly fails, another can perform its functions. In 
addition, hardware and software on the satellite are often designed so 
that ground controllers can reconfigure the satellite to work around a 
part that has failed.

2.14.2. Design Lifetime

The Milstar constellation has demonstrated exceptional reliability 
and capability, providing vital protected communications to the warf-
ighter,” said Kevin Bilger, vice president and general manager, Global 
Communications Systems, Lockheed Martin Space Systems in Sunny-
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vale. “Milstar’s robust system offers our nation worldwide connectivity 
with flexible, dependable and highly secure satellite communications.”

The five-satellite Milstar constellation has surpassed 63 years of 
combined successful operations, and provides a protected, global com-
munication network for the joint forces of the U.S. military. In addition, 
it can transmit voice, data, and imagery, and offers video teleconferenc-
ing capabilities.

The system is the principal survivable, endurable communications 
structure that the President, the Secretary of Defense and the Command-
er, U.S. Strategic Command use to maintain positive command and con-
trol of the nation’s strategic forces. In addition to this 10-year milestone 
for Flight-5, each of the first two Milstar satellites has been on orbit for 
over 16 years – far exceeding their 10-year design life.
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UNIT III   
SATELLITE ACCESS

3.1. Modulation and Multiplexing 
Communications satellites are used to carry telephone, video, and 

data signals, and can use both analog and digital modulation techniques. 
Modulation, Multiplexing and Multiple Access are the three basic terms 
used for any type of network. 

MODULATION
Modification of a carrier’s parameters (amplitude, frequency, phase, 

or a combination of them) in dependence on the symbol to be sent. Usu-
ally, the signal that we want to transmit, say a speech signal with 4000 
Hz frequency, will require a very big antenna. For any signal the fre-
quency f is related to wavelength L as c = L * f ………………………… (i)

Where c is velocity of light. And antenna length is generally taken 
as L/2 which simply means for our case antenna length is 75000 m, ob-
viously this size of antenna is too big to use on day to day basis. That is 
why we take our speech signal or the desired signal and take another 
high frequency signal known as carrier (carrier can be any signal but 
should have high frequency and in practice we use a simple continuous 
wave signal), now we alter one or more parameters of this career signal 
in accordance with our desired signal, this can be any one or combi-
nation of parameters. The basic parameters are amplitude, frequency, and 
phase of the signal. The result of this alteration we get is known as mod-
ulated signal, the desired signal which we wanted to transmit is known 
as modulating signal also known as base band signal and modulated 
signal is also known as band pass signal. The whole process is known 
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as modulation. There are many types of modulation starting from ampli-
tude modulation popularly known as AM, frequency modulation (FM), 
QPSK, PCM, GMSK, QAM etc.

Some of the important advantages of modulation are summarized 
below: 

Frequency translation: Modulation translates the signal from one 
region of frequency Domain to another region. This helps to transmit 
the modulated signal with minimum Attenuation through a particular 
medium. 

Practical size of antenna: Modulation translates baseband signal to 
higher frequency, which can be transmitted through a bandpass channel 
using an antenna of smaller size. This has made communication practi-
cal. 

Narrow banding: As modulation translates a signal from lower fre-
quency domain to higher frequency domain, the ratio between highest 
to lowest frequency of the modulated signal becomes close to 1. 

MULTIPLEXING

Task of multiplexing is to assign space, time, frequency, and code 
to each communication channel with a minimum of interference and a 
maximum of medium utilization Communication channel refers to an 
association of sender(s) and receiver(s) that want to exchange data one 
of several constellations of a carrier’s parameters defined by the used 
modulation scheme.

Basically there are two types of system, time domain and frequency 
domain. In time domain we transmit frames, and in frequency domain 
we transmit in accordance with frequency. Now if there is more than 
one source of signal and we want to transmit them together then we 
implement multiplexing. In multiplexing we mix the source signals say 
if we want to mix them in time domain then our frame will contain some 
packets form source A and some packets from source B and so on de-
pending upon the constraints of the channel and time frame. 
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Figure 3.1. Types Of Multiplexing.

The signals that sources are generating can either be modulated 
signals or we can even send our multiplexed signal to the modulator 
and then modulate the signal. At the receiving end be demultiplex the 
signals. In multiplexing we do not provide a dedicated resource to a 
single source.i.e. We do not dedicate the complete time frame to a single 
source. Multiplexing is also seen as you are travelling on a four lane road 
and suddenly it gets narrower and turns to single lane, at this point the 
traffic police will allow one car from each lane to drive through that nar-
row single lane, this is what we called multiplexing.

What is the difference between Modulation and Multiplexing?
1. Modulation is using a career signal to send information, whereas 

multiplexing is a way of combining multiple signals.
2. In modulation wave properties are varied in order to represent 

the signal, whereas in multiplexing wave parameters are shared for mul-
tiple channels.

3. Usually, modulation is done after multiplexing.

MULTIPLE ACCESS
As the name suggests, multiple access means multiple users can ac-

cess the channel or link. Multiple access provides dedicated resources 
to the user (with a time constraint) in comparison to the multiplexing 
which does not provide any type of resources. There are many types 
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of Multiple access schemes like FDMA frequency division multiple access, 
TDMA time division multiple access, CDMA code division multiple access, 
SDMA space division multiple access etc. take the example of FDMA, the 
whole frequency band is divided into small frequency bands called chan-
nels, now each channel is having certain capacity to take the traffic say 
a channel can accommodate single user at time, then the whole frequen-
cy bandwidth can be accessed by as many users as there are channels, 
mathematically if we are having a bandwidth of 200 KHz and channel 
bandwidth is 50 KHz then it means we can accommodate 4 users at a 
time by giving 50 KHz channel to each. This is so called multiple access, 
i.e. multiple users can access the bandwidth simultaneously and we do 
not require any additional hardware at the receiving end to separate the 
desired user from the other users as we do in Multiplexing. In reality 
the concept of Multiple Access is more complicated and In GSM each 
channel can accommodate 8 users at a time and each channel has 200 
KHz bandwidth.

3.1.1. Voice, Data, Video
The modulation and multiplexing techniques that were used at 

this time were analog, adapted from the technology developed for The 
change to digital voice signals made it easier for long-distance.

Communication carriers to mix digital data and telephone Fiber-op-
tic Cable Transmission Standards System Bit rate (Mbps) 64- kbps Voice 
channel capacity Stuffing bits and words are added to the satellite data 
stream as needed to fill empty bit and word spaces.

Primarily for video provided that a satellite link’s overall carri-
er-to-noise but in to older receiving equipment at System and Satellite 
Specification Ku-band satellite parameters.
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Figure 3.1. Modulation and Multiplexing: Voice/Data/Video.

3.1.2. Modulation and Multiplexing
In analog television (TV) transmission by satellite, the baseband vid-

eo signal and one or two audio subcarriers constitute a composite video 
signal.

Digital modulation is obviously the modulation of choice for trans-
mitting digital data are digitized analog signals may conveniently share 
a channel with digital data, allowing a link to carry a varying mix of 
voice and data traffic.

Digital signals from different channels are interleaved for transmis-
sion through time division multiplexing TDM carry any type of traffic 
the bent pipe transponder that can carry voice, video, or data as the mar-
ketplace demands. Hybrid multiple access schemes can use time divi-
sion multiplexing of baseband channels which are then modulate.

3.2. Analog - Digital Transmission System
Analog transmission is a transmission method of conveying voice, 

data, image, signal or video information using a continuous signal which 
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varies in amplitude, phase, or some other property in proportion to that 
of a variable. It could be the transfer of an analog source signal, using 
an analog modulation method such as frequency modulation (FM) or 
amplitude modulation (AM), or no modulation at all.

Some textbooks also consider passband data transmission using a 
digital modulation methods such as ASK, PSK and QAM, i.e. a sinewave 
modulated by a digital bit-stream, as analog transmission and as an an-
alog signal. Others define that as digital transmission and as a digital 
signal. Baseband data transmission using line codes, resulting in a pulse 
train, are always considered as digital transmission, although the source 
signal may be a digitized analog signal. Analog transmission can be con-
veyed in many different fashions:

•	 Twisted-pair or coax cable, fiber-optic cable
•	 Via air, Via water.
There are two basic kinds of analog transmission, both based on 

how they modulate data to combine an input signal with a carrier signal. 
Usually, this carrier signal is a specific frequency, and data is transmitted 
through its variations. The two techniques are amplitude modulation 
(AM), which varies the amplitude of the carrier signal, and frequency 
modulation (FM), which modulates the frequency of the carrier. 

Types of analog transmissions
Most analog transmissions fall into one of several categories. Until 

recently, most telephony and voice communication was primarily ana-
log in nature, as was most television and radio transmission. Early tele-
communication devices utilized analog-to-digital conversion devices 
called modulator/demodulators, or modems, to convert analog data to 
digital data and back.

Benefits and drawbacks
Analog and digital signals are used to transmit information, usu-

ally through electric signals. In both of these technologies, the informa-
tion, such as any audio or video, is transformed into electric signals. The 
difference between analog and digital technologies is that in analog 
technology, information is translated into electric pulses of varying am-



Prof. Dr. Hari Krishnan GOPAKUMAR & Prof. Dr. Ashok JAMMI

121

plitude. In digital technology, translation of information is into binary 
format (zero or one) where each bit is representative of two distinct am-
plitudes. In the case of telephony, for instance, when you speak into a 
handset, there are changes in the air pressure around your mouth. Those 
changes in air pressure fall onto the handset, where they are amplified 
and then converted into current, or voltage fluctuations. Those fluctua-
tions in current are an analog of the actual voice pattern—hence the use 
of the term analog to describe these signals as shown in Figure 3.2

Figure 3.2. Voice Pattern Represented as Analog Signal.

The digital transmission is a series of discrete pulses, representing 
one bits and zero bits as shown in Figure 3.3. Each computer uses a cod-
ing scheme that defines what combinations of ones and zeros constitute 
all the characters in a character set that is, lowercase letters, uppercase 
letters, punctuation marks, digits, keyboard control functions.

Figure 3.3. Discrete Signal Representation.
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3.2.1. Analog vs. Digital Transmission
Comparison chart

Analog Digital

Signal Analog signal is a continuous 
signal which represents 
physical measurements.

Digital signals are discrete 
time signals generated by 
digital modulation.

Waves Denoted by sine waves Denoted by square waves

Representation Uses continuous range of 
values to represent information

Uses discrete or discontinuous 
values to represent 
information

Example Human voice in air, analog 
electronic devices.

Computers, CDs, DVDs, 
and other digital electronic 
devices.

Technology Analog technology records 
waveforms as they are.

Samples analog waveforms 
into a limited set of numbers 
and records them.

Data 
transmissions

Subjected to deterioration by 
noise during transmission and 
write/read cycle.

Can be noise-immune 
without deterioration during 
transmission and write/read 
cycle.

Response to 
Noise

More likely to get affected 
reducing accuracy

Less affected since noise 
response are analog in nature

Flexibility Analog hardware is not 
flexible.

Digital hardware is flexible in 
implementation.

Uses Can be used in analog devices 
only. Best suited for audio and 
video transmission.

Best suited for Computing 
and digital electronics.

Applications Thermometer PCs, PDAs

Bandwidth Analog signal processing 
can be done in real time and 
consumes less bandwidth.

There is no guarantee that 
digital signal processing 
can be done in real time and 
consumes more bandwidth 
to carry out the same 
information.

Memory Stored in the form of wave 
signal

Stored in the form of binary 
bit

Power Analog instrument draws large 
power

Digital instrument draws only 
negligible power
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Analog Digital

Cost Low cost and portable Cost is high and not easily 
portable

Impedance Low High order of 100 megaohm

Errors Analog instruments usually 
have a scale which is cramped 
at lower end and give 
considerable observational 
errors.

Digital instruments are free 
from observational errors like 
parallax and approximation 
errors.

Figure 3.2. Basic Communication Systems.

• Improving digital technology 
• Data integrity. Repeaters take out cumulative problems in trans-

mission. Can thus transmit longer distances. 
• Easier to multiplex large channel capacities with digital 
• Easy to apply encryption to digital data 
• Better integration if all signals are in one form. Can integrate 

voice, video and digital data. 

Properties of Digital vs Analog signals
Digital information has certain properties that distinguish it from 

analog communication methods. These include 
•	 Synchronization – digital communication uses specific synchro-

nization sequences for determining synchronization. 
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•	 Language – digital communications require a language which 
should be possessed by both sender and receiver and should 
specify meaning of symbol sequences. 

•	 Errors – disturbances in analog communication cause errors in 
actual intended communication but disturbances in digital com-
munication do not cause errors enabling error free communica-
tion. Errors should be able to substitute, insert or delete symbols 
to be expressed. 

•	 Copying – analog communication copies are quality wise not as 
good as their originals while due to error free digital communica-
tion, copies can be made indefinitely. 

•	 Granularity – for a continuously variable analog value to be rep-
resented in digital form there occur quantization error which is 
difference in actual analog value and digital representation and 
this property of digital communication is known as granularity. 

Differences in Usage in Equipment
Many devices come with built in translation facilities from analog 

to digital. Microphones and speaker are perfect examples of analog de-
vices. 

Analog technology is cheaper but there is a limitation of size of data 
that can be transmitted at a given time. 

Digital technology has revolutionized the way most of the equip-
ments work. Data is converted into binary code and then reassembled 
back into original form at reception point. Since these can be easily ma-
nipulated, it offers a wider range of options. Digital equipment is more 
expensive than analog equipment. 

Comparison of Analog vs Digital Quality
Digital devices translate and reassemble data and in the process are 

more prone to loss of quality as compared to analog devices. Comput-
er advancement has enabled use of error detection and error correction 
techniques to remove disturbances artificially from digital signals and 
improve quality. 
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Differences in Applications
Digital technology has been most efficient in cellular phone indus-

try. Analog phones have become redundant even though sound clarity 
and quality was good. NAnalog technology comprises of natural signals 
like human speech. With digital technology this human speech can be 
saved and stored in a computer. Thus digital technology opens up the 
horizon for endless possible uses. 

3.3. Digital Video Broadcasting (DVB)
Digital Video Broadcasting (DVB) is being adopted as the standard 

for digital television in many countries. The DVB project was an indus-
try led consortium of over 270 television broadcasting associated com-
panies world-wide. The DVB standard offers many advantages over the 
previous analogue standards and has enabled television to make a major 
step forwards in terms of its technology. 

Digital Video Broadcasting, DVB is now one of the success stories of 
modern broadcasting. The take up has been enormous and it is currently 
deployed in over 80 countries worldwide, including most of Europe and 
also within the USA. It offers advantages in terms of far greater efficien-
cy in terms of spectrum usage and power utilization as well as being 
able to affect considerably more facilities, the prospect of more channels 
and the ability to work alongside existing analogue services.

The first of the DVB standards to be agreed was the DVB-S standard 
for satellite transmission which was agreed in 1994. With the standard 
agreed, services were commenced in early 1995 and the first operator 
was the pay TV operator Canal plus in France. The DVB system used 
for terrestrial transmissions, DVB-T was agreed later, in 1997. The first 
countries to deploy the system were Sweden, launching their system in 
1998, and the UK launching their system a year later.

DVB Variants
Even a quick look at DVB will reveal the fact that there are many fla-

vours of the basic standard. In these days when there are many ways in 
which television can be carried from the “transmitter” to the “receiver” 
no one standard can be optimized for all applications. As a result, there 



AN ELEMENTARY APPROACH TOWARDS SATELLITE COMMUNICATION

126

are many different forms of the Digital Video Broadcasting, DVB, stan-
dards, each designed for a given application. 

The main forms of DVB are summarized below:
DVB 
Standard

Meaning Description

DVB-C Cable The standard for delivery of video 
service via cable networks. 

DVB-H Handheld DVB services to handheld devices, e.g. 
mobile phones, etc 

DVB-RSC Return satellite 
channel 

Satellite DVB services with a return 
channel for interactivity. 

DVB-S Satellite services DVB standard for delivery of 
television / video from a satellite. 

DVB-SH Satellite handheld Delivery of DVB services from a 
satellite to handheld devices 

DVB-S2 Satellite second 
generation 

The second generation of DVB 
satellite broadcasting.

DVB-T Terrestrial The standard for Digital Terrestrial 
Television Broadcasting. 

With DVB being widely used in very many countries, it has now 
become one of the standards for broadcasting. Developments have been 
made beyond the first DVB standards that were introduced, and now 
new facilities and levels of performance are being achieved.

Fundamental decision of the DVB was the selection of MPEG-2, one 
of a series of MPEG standards for compression of audio and video sig-
nals. MPEG-2 reduces a single signal from 166 Mbits to 5 Mbits allow-
ing broadcasters to transmit digital signals using existing cable, satel-
lite, and terrestrial systems. MPEG-2 uses the loss compression method, 
which means that the digital signal sent to the television is compressed 
and some data is lost. This lost data does not affect how the human eye 
perceives the picture. Two digital television formats that use MPEG-2 
compression are standard definition television (SDTV) and high defini-
tion television (HDTV). SDTV’s picture and sound quality is similar to 
digital versatile disk (DVD). HDTV programming presents five times 
as much information to the eye than SDTV, resulting in cinema-quality 
programming.



Prof. Dr. Hari Krishnan GOPAKUMAR & Prof. Dr. Ashok JAMMI

127

DVB uses conditional access (CA) systems to prevent external pira-
cy. There are numerous CA systems available to content providers al-
lowing them to choose the CA system that they feel is adequate for the 
services they provide. Each CA system provides a security module that 
scrambles and encrypts data. This security module is embedded within 
the receiver or is detachable in the form of a PC card. Inside the receiver, 
there is a smart card that contains the user’s access information. The fol-
lowing describes the conditional access process:

•	 The receiver receives the digital data stream.
•	 The data flows into the conditional access module, which con-

tains the content provider’s unscrambling algorithms.
•	 The conditional access module verifies the existence of a smart 

card that contains the subscriber’s authorization code.
•	 If the authorization code is accepted, the conditional access mod-

ule unscrambles the data and returns the data to the receiver. If 
the code is not accepted, the data remains scrambled restricting 
access.

•	 The receiver then decodes the data and outputs it for viewing.
For years, smart cards have been used for pay TV programming. 

Smart cards are inexpensive allowing the content provider to issue updat-
ed smart cards periodically to prevent piracy. Detachable PC cards allow 
subscribers to use DVB services anywhere DVB technology is supported.

DVB is an open system as opposed to a closed system. Closed sys-
tems are content provider-specific, not expandable, and optimized only 
for television. Open systems such as DVB allows the subscriber to choose 
different content providers and allows integration of PCs and televisions. 
DVB systems are optimized for not only television but also for home 
shopping and banking, private network broadcasting, and interactive 
viewing. DVB offers the future possibilities of providing high-quality 
television display in buses, cars, trains, and hand-held devices. DVB al-
lows content providers to offer their services anywhere DVB is support-
ed regardless of geographic location, expand their services easily and 
inexpensively, and ensure restricted access to subscribers, thus reducing 
lost revenue due to unauthorized viewing.
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DVB Standard Physical Layer 
The DVB physical layer includes outer coder/decoder, inner coder/

decoder, QAM mapping, Frame adaptation and TPS insertion, OFDM 
and up/down converter as shown in Figure 3.4

DVB Transmitter

MPEG-2 TS
Scrambler

Outer Outer Inner Inner

Source Coder Interleaver Coder Interleaver

Up Guard
OFDM

Frame QAM

Converter Interleaval Adaptation mapping

DVB Receiver

Down
Guard

OFDM Frame QAMInterval
Converter

Remove
demodulation Adaptation Demodulation

Channel

Estimation

MPEG-2 TS
Descrambler

Outer Outer Inner Inner

Sink Decoder Deinterleaver Decoder Deinterleave

Figure 3.3. Block Diagram of DVB System.

The functional blocks are discussed in the following sub-sections.

Scrambler / Descrambler 
The MPEG2 Transport Stream (MPEG2-TS) is a source input to DVB 

physical layer that is organized in fixed length of 188-byte packet (see Fig-
ure 3a). Every first byte of the MPEG2-TS 188-byte packet is a sync-word 
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with a known value 47Hex. In order to ensure the energy dispersal of binary 
data, a scrambler is used to randomize the MPEG2-TS input stream.

 The scrambler is a 16-bit Pseudo Random Binary Sequence (PRBS) 
with generator polynomial, 1 + X14 + X15. The PRBS register is loaded 
with initial sequence “100 1010 1000 0000”, and is reinitialized at the 
start of every group of 8 MPEG2-TS packets. The first sync byte in a 
group of 8 packets is inverted from 47HEX to B8HEX for identification of ev-
ery randomized group of packets. In other words, the PRBS should have 
a period of 1503 bytes. The randomization process should stay active 
even if the modulator input bit-stream is non-existent or non-compliant 
with the MPEG2-TS format (1 sync byte + 187 packet bytes). Reverse 
operation is carried out in descrambler at the receiver in order to obtain 
the sink MPEG-2 TS.

Outer Coder and Outer Interleaver

Reed-Solomon (RS) encoder is used as outer coder to generate 16-byte 
parity block for each randomized transport packet (188-byte) fed by the 
scramble. In essence, 51 null bytes are intentionally added to the input 
randomized transport packet such that a NASA-standard RS (255, 239, t=8) 
mother code can be used. 

The null bytes are discarded after the coding procedure leading to a RS 
code word of N=204, including the 16-byte parity block appended at the 
end of each input as shown in Figure 3c. 

The RS code uses a generator polynomial, g(x)=(x+λ0)(x+ λ1)(x+ λ2)...(x+ λ15), 

Where λ = 02HEX, and a primitive field generator polynomial is p(x) = x8 + x4 
+ x3 + x2 + 1, that has the capability of correcting up to 8-byte random errors. 
Following the RS coder, the error protected packets are fed into a 12-byte 
depth convolutional byte-wise interleaver. The interleaved data structure 
is composed of interleaved error protected packets and is delimited by 
the MPEG2-TS sync bytes (inverted or non-inverted) which preserving the 
periodicity of 204 bytes.

 Inner Coding
In DVB system, a mother convolutional code of rate 1/2 with 64 

states is used to create a range of punctured convolutional codes. The 
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generator polynomial of the mother convolutional codes are G1=X+X-
1+X2+X3 for X output stream, and G2=X+X2+X3+X5 for Y output stream. 
With mother code of rate 1/2, the input bit stream is doubled by the con-
volutional coder and the output is reduced by using puncturing method 
to provide an appropriate punctured rate such as 2/3, 3/4, 5/6 and 7/8. 
For example, to obtain rate 2/3, one of each 4 bits data will be punctured. 
Similarly, to obtain rate 3/4, two of each 6 bits data will be punctured. 
At receiver, the punctured bits are padded with zeroes such that the 
decoding is carried as if rate 1/2 code. In essence, the punctured bits are 
lost bits which increases system BER.

Inner Interleaver
The inner interleaver is a group of joined blocks of demultiplexer, 

bit-interleaver and symbol-interleaver as shown in Figure 5. Firstly, the 
output of convolutional encoder is split into six sub-streams. The split-
ting scheme is defined as a mapping of the input bits onto the output 
bits in one of six sub-streams. Each sub-stream is then processed by a 
separate bit-interleaver. Bit-interleaver maps 128-bit input block onto 
128-bit output block. The outputs of the six bit-interleavers are sequen-
tially grouped to form six-bit symbols. These six-bit symbols are again 
interleaved by symbol-interleaver. In 2K mode, the symbol-interleaver 
interleaves 12 sets of 126, six-bit symbols, and in 8K mode, it interleaves 
48 sets of 126 symbols. Furthermore, the in-depth interleaver used in 
4K mode, which inter-leaves 24 sets of 126 symbols, is used for DVB-H 
systems. In additional to the 2K and 8K transmission modes provided 
originally by the DVB-T standard, the 4K mode with its in-depth inter-
leaver brings additional flexibility in network design by trading off mo-
bile reception performance and size of SFN networks.

DVB-H is principally a transmission system allowing reception of 
broad-cast information on single antenna hand-held mobile devices. In 
the DVB-T system, the 2K mode is known to provide better mobile re-
ception performance than the 8K mode, due to the larger inter-carrier 
spacing it implements. However, the associated guard interval duration 
of the 2K mode OFDM symbols, are very short. This makes the 2K mode 
only suitable for a small size SFN. However, 4K OFDM symbol has a 
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longer duration and longer guard interval than 2K mode. This makes 4K 
mode suitable for medium size SFN networks. It can increase the spec-
tral efficiency for SFN network planning. As for 8K mode, the symbol 
duration of 4K mode is shorter than in the 8K mode and so the chan-
nel estimation can be done more frequently in the 4K mode demodula-
tor. Therefore, it provides a better mobile performance than 8K mode, 
although not as high as with the 2K transmission mode, it is enough 
for the use of DVB-H scenarios. In this scenario, 4K mode provides a 
good tradeoff between the two important aspects of the system: spectral 
efficiency for the DVB-H network designers and high mobility for the 
DVB-H consumers.

bits write

1,1 1,2 1,16

2,1 2,2 2,16

bits read
3,1 3,2 3,16

n,1 n,2 n,16

Figure 3.4. Inner Interleaver.

Frame Adaptation, TPS and QAM Map
In an OFDM-based system, a group of complex symbols are modu-

lating with frequency carriers of the equivalent length to create an OFDM 
symbol. In DVB, transmitted signal is organized in frames; a frame is 
composed of 68 OFDM symbols, and 4 frames constitute a super-frame. 
Besides carrying data, OFDM symbol also carries scattered pilots, con-
tinual pilots, and TPS (Transmission Parameter Signaling) carriers. For 
example, in 2K mode, an OFDM frame comprises 1705 carriers accom-
modating 1512 data carriers, 131 scattered pilots, 45 continual pilots, and 
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17 TPS carriers. In 8K mode, an OFDM frame has 6817 carriers (6048 data 
carriers, 177 continual pilots, 524 scattered pilots, 68 TPS carriers). The 
power of pilot carrier is 16/9 times stronger than data carrier, whereas 
TPS carrier is transmitted at normal power as a data carrier. While TPS 
carriers are used for signaling various transmission parameters, the pilot 
signals are used in frame adaptation (see Figure 1) in order to provide 
synchronization to the DVB frame structure through various methods 
such as frame synchronization, frequency synchronization, time syn-
chronization and channel estimation. Note that the DVB receiver must 
be synchronized and equalized such that the received signal can be de-
coded successfully and to gain access to the information held by the TPS 
pilots. All data carriers in an OFDM frame are modulated using QPSK, 
16-QAM, 64-QAM, non-uniform 16-QAM or non-uniform 64-QAM con-
stellations

OFDM Structure
OFDM is a proven technique for achieving high data rate whilst 

overcoming multipath fading in wireless communication [5][6][7]. 
OFDM can be thought of as a hybrid of multi-carrier modulation (MCM) 
and frequency shift keying (FSK) modulation. Orthogonality amongst 
the carriers is achieved by separating them by a frequency which is an 
integer multiple of the inverse of symbol duration of the parallel bit 
streams thus minimizing inter symbol interference (ISI). Carriers are 
spread across the complete channel, fully occupying it and hence us-
ing the bandwidth very efficiently. The OFDM receiver uses adaptive 
bit loading techniques based on a dynamic estimate of the channel re-
sponse, to adapt its processing and compensate for channel propagation 
characteristics and achieves near ideal capacity. The most important ad-
vantage of OFDM systems over single carrier systems is obtained when 
there is frequency-selective fading. The signal processing in the receiver 
is rather simple; multiplying each sub-carrier by a complex transfer fac-
tor thereby equalizing the channel response compensates distortion of 
the signals. It is not feasible for conventional single carrier transmission 
systems to use this method. However, some disadvantages of OFDM 
systems are that the peak–to-average power ratio (PAPR) of OFDM is 
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higher than for a single carrier system and OFDM is sensitive to a flat 
fading channel.

The OFDM signal consists of N orthogonal subcarriers modulated 
by N parallel data streams. Denoting the frequency and complex source 
symbol of the kth subcarrier as fk and dk respectively, the baseband repre-
sentation of an OFDM is:

1

N −1

x (t ) 
 ∑d k e

j 2π 
f k t

,0 ≤ t ≤ NT
N  k  0

(1)  

Where dk is typical taken from a PSK or QAM symbol constellation, 
and NT is the duration of the OFDM symbol. The sub-carrier frequencies 
are equally spaced at f k  k / NT . The OFDM signal in equal(1) can be 
derived by using a single IFFT operation rather than using a bank of os-
cillators. Therefore, the OFDM symbol can be represented:

1
N −1
kn

x[ n ] 
 ∑d k WN , 0 ≤ n ≤ N − 1 (2)

N  k  0

where W N    e j 2 π / N  .

MULTIPLE ACCESS TECHNIQUES 
Multiple access is defined as the technique where in more than one 

pair of earth stations can simultaneously use a satellite transponder. It is 
a technique used to explore the satellite’s geometric advantages and is at 
the core of satellite networking. 

Multiple access is a radio transmission scheme that allows several 
earth stations to transmit in the same time span. This provides the way 
to network these stations together, either in a Star or a Mesh network. 
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Types of Multiple Access Methods 

There are three types of Multiple Access Methods to understand: 

•	 Frequency Division Multiple Access (FDMA) - flexible and sim-
ple 

•	 Time Division Multiple Access (TDMA) - popular 

•	 Code Division Multiple Access (CDMA Spread Spectrum) - high-
ly secure 

Figure 3.5. Multiple Access Methods Allow the Capacity of a Standard 
Transponder to be Shared. 

In a wireless communication system, radio resources must be pro-
vided in each cell to assure the interchange of data between the mobile 
terminal and the base station. Uplink is from the mobile users to the base 
station and downlink is from the base station to the mobile users. Each 
transmitting terminal employs different resources of the cell. A multiple 
access scheme is a method used to distinguish among different simul-
taneous transmissions in a cell. A radio resource can be a different time 
interval, a frequency interval or a code with a suitable power level. 

All these characteristics (i.e., time, frequency, code and power) uni-
vocally contribute to identify a radio resource. If the different transmis-
sions are differentiated only for the frequency band, we have the Fre-
quency Division Multiple Access (FDMA). Whereas, if transmissions are 
distinguished on the basis of time, The Time Division Multiple Access 
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(TDMA). Finally, if a different code is adopted to separate simultaneous 
transmissions, we have the Code Division Multiple Access (CDMA). 

However, resources can be also differentiated by more than one of 
the above aspects. Hence, hybrid multiple access schemes are possible 
(e.g., FDMA/TDMA). In a satellite communication, radio resources can 
be re-used between sufficiently far stations, provided that the mutual 
interference level is at an acceptable level. 

This technique is adopted by FDMA and TDMA air interface, where 
the reuse is basically of carriers. In the CDMA case, the number of avail-
able codes is so high that the code reuse among cells (if adopted) does 
not increase the interference. In uplink, a suitable Medium Access Con-
trol (MAC) protocol is used to regulate the access of different terminals 
to the resources of a cell that are provided by a multiple access scheme. 

Multiple access schemes to allow many users to share simultaneous-
ly a finite amount of radio spectrum resources. 

Should not result in severe degradation in the performance of the 
system as compared to a single user scenario. Approaches can be broad-
ly grouped into two categories: narrowband and wideband. 

Duplexing
For voice or data communications, must assure two-way communi-

cation(duplexing, it is possible to talk and listen simultaneously). Du-
plexing may be done using frequency or time domain techniques.

Frequency Division Duplexing (FDD) 
•	 Provides two distinct bands of frequencies for every user, o ne for 

downlink and one for uplink. 
•	 A large interval between these frequency bands must be allowed 

so that interference is minimized. 
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Figure 3.5 - Frequency Separation.

3.4. Time Division Duplexing (TDD)

•	 In TDD communications, both directions of transmission use one 
contiguous frequency allocation, but two separate time slots to 
provide both a forward and reverse link.

Figure 3.6.Time Slot.

3.5. Frequency Division Multiple Access (FDMA)

FDMA is a channel access method used in multiple-access protocols 
as a channelization protocol. FDMA gives users an individual allocation 
of one or several frequency bands, or channels. Multiple Access systems 
coordinate access between multiple users. 

Key Features of FDMA Are 

•	 FDMA requires high-performing filters in the radio hardware, in 
contrast to TDMA and CDMA. 

•	 FDMA is not vulnerable to the timing problems that TDMA has. 
Since a predetermined frequency band is available for the entire 
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period of communication, stream data (a continuous flow of data 
that may not be packetized) can easily be used with FDMA. 

•	 Due to the frequency filtering, FDMA is not sensitive to near-far 
problem which is pronounced for CDMA. 

•	 Each user transmits and receives at different frequencies as each 
user gets a unique frequency slot 

•	 In FDMA, each user is allocated a unique frequency band or 
channel. During the period of the call, no other user can share the 
same frequency band. 

Figure 3.7. FDMA Channels.

•	 All channels in a cell are available to all the mobiles. Channel as-
signment is carried out on a first-come first- served basis.

•	 The number of channels, given a frequency spectrum BT , de-
pends on the modulation technique (hence Bw or Bc ) and the 
guard bands between the channels 2Bguard . 

•	 These guard bands allow for imperfect filters and oscillators and 
can be used to minimize adjacent channel interference. 

•	 FDMA is usually implemented in narrowband systems. 
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Figure 3.8. FDMA/FDD/TDD.

Nonlinear Effects in FDMA
•	 In a FDMA system, many channels share the same antenna at the 

BS. The power amplifiers or the power combiners, when operat-
ed at or near saturation are nonlinear. 

•	 The nonlinear ties generate inter-modulation frequencies. 
•	 Undesirable harmonics generated outside the mobile radio band 

cause interference to adjacent services. 
•	 Undesirable harmonics present inside the band cause interfer-

ence to other users in the mobile system. 
It is important to distinguish between FDMA and frequency-divi-

sion duplexing (FDD). While FDMA allows multiple users simultaneous 
access to a certain system, FDD refers to how the radio channel is shared 
between the uplink and downlink. 

Furthermore, frequency-division multiplexing (FDM) should not be 
confused with FDMA. The former is a physical layer technique that com-
bines and transmits low-bandwidth channels through a high-bandwidth 
channel. FDMA, on the other hand, is an access method in the data link 
layer. 
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FDMA also supports demand assignment in addition to fixed as-
signment. Demand assignment allows all users apparently continuous 
access of the radio spectrum by assigning carrier frequencies on a tem-
porary basis using a statistical assignment process. The first FDMA de-
mand-assignment system for satellite was developed by COMSAT for 
use on the Intelsat series IVA and V satellites. In this scheme, a band-
width is assigned to an earth station and is divided into n segments to 
manage the network traffic. 

FDMA is divided into two categories: 
•	 Multiple Channel Per Carrier 
•	  Single Channel Per Carrier. 

3.6. Time Division Multiple Access (TDMA)
Time division multiple access (TDMA) is a channel access method 

for shared medium networks. It allows several users to share the same 
frequency channel by dividing the signal into different time slots. The 
users transmit in rapid succession, one after the other, each using his 
own time slot. This allows multiple stations to share the same transmis-
sion medium (e.g. radio frequency channel) while using only a part of 
its channel capacity. 

TDMA is a type of Time-division multiplexing, with the special 
point that instead of having one transmitter connected to one receiver, 
there are multiple transmitters. In the case of the uplink from a mobile 
phone to a base station this becomes particularly difficult because the 
mobile phone can move around and vary the timing advance required 
to make its transmission match the gap in transmission from its peers.
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Figure 3.9. TDMA Channels.

Features

•	 Multiple channels per carrier or RF channels. 

•	 Burst transmission since channels are used on a timesharing ba-
sis. Transmitter can be turned off during idle periods. 

•	 Narrow or wide bandwidth – depends on factors such as modu-
lation scheme, number of voice channels per carrier channel. 

•	 High ISI – Higher transmission symbol rate, hence resulting in 
high ISI. Adaptive equalizer required. 

•	 Pulsating power envelop: Interference with other devices 

•	 Shares single carrier frequency with multiple users 

•	 Non-continuous transmission makes handoff simpler 

•	 Slots can be assigned on demand in dynamic TDMA 
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•	 Less stringent power control than CDMA due to reduced intra 
cell interference 

•	 Higher synchronization overhead than CDMA 
•	 Advanced equalization may be necessary for high data rates if 

the channel is “frequency selective” and creates inter-symbol in-
terference 

•	 Cell breathing (borrowing resources from adjacent cells) is more 
complicated than in CDMA 

•	 Frequency/slot allocation complexity 

Figure 3.10. TDMA Channels Time Slot.

•	 Efficient power utilization: FDMA systems require a 3 to 6-dB 
power back off in order to compensate for inter-modulation ef-
fects. 

•	 Efficient handoff: TDMA systems can take advantage of t he fact 
that the transmitter is switched off during idle time slots to im-
prove the handoff procedure. An enhanced link control, such as 
that provided by mobile assisted handoff (MAHO) can be car-
ried out by a subscriber by listening to neighboring base station 
during the idle slot of the TDMA frame. 
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•	 Efficiency of TDMA is a measure of the percentage of bits per 
frame which contain transmitted data. The transmitted data in-
clude source and channel coding bits. 

3.7. Code Division Multiple Access (CDMA)
CDMA uses a modulation technique called spread spectrum. Here 

all the users transmit signals simultaneously on the multiple access 
schemes. Spread Spectrum: It refers to a modulation technique that con-
verts the baseband signal to a modulated signal with a spectrum band-
width that covers or is spread over the band orders of magnitude larg-
er than that normally necessary to transmit the baseband signal itself. 
CDMA uses a spreading code to scramble the data and spread the band-
width. In the past 15 years CDMA has become popular in commercial 
wireless and satellite communications. In CDMA, multiple stations can 
transmit on top of each other-on the same or overlapping frequencies 
and at the same time. This seeming contradiction is possible because 
the signals are separately encoded and appear to each other to be back-
ground noise. 

Techniques
There are two basic CDMA techniques, Direct Sequence Spread Spec-

trum (DSSS) and Frequency Hopping Spread Spectrum (FSSS). FSSS is 
the dominant CDMA technique in satellite communications, illustrated 
below for a single channel of communication. Qualcomm successfully 
adapted it to cellular telephone. 

The coding comes about through a spreading process within the top 
circle with the cross through it (a multiplier). This takes the information 
bits, at the top left, and multiplies it by a high-speed spreading code 
called the chip. 

Once transmitted, the CDMA signal can be added to other CDMA 
signals as well as noise and interference. In the receiver, the incom-
ing signal is again multiplied by the same chip code, which is care-
fully synchronized. The output at the bottom left is the original data.  
Because the receiver has its own spreading multiplier and identical copy 
of the chip code, any other CDMA signals and interference after this 
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second multiplication will get even more spread out and hence become 
less troublesome. 

It could be used as a multiple access system by giving each user a 
unique pseudo random code rather than a unique carrier frequency or 
time slot. All the users contribute to the noise background. To detect the 
desired signal in the presence of all the interferences, the composite sig-
nal is cross-correlated with the known pseudo random number spread-
ing sequence.  The net performance is improved essentially by the ration 
of the un-spread signal bandwidth. 

Figure 3.11. A Direct Sequence Spread Spectrum Communication System, 
Composed of a Transmitter (top), Satellite Link (right), and Receiver (bottom).

Features of CDMA are 

•	 Highly resistant to interferences and thus satellite spacing could 
be reduced considerably without causing unacceptable degrada-
tion in the received signal quality. 

•	 Spread spectrum sequences are resistant to multiple noises pres-
ent in the mobile terminals. 

•	 Small antennas can be used without any interference issues from 
the neighboring satellites. 

•	 CDMA is a very secure form of communication. 
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Implementing CDMA 
CDMA technique could be implemented in two forms: Direct se-

quence spread spectrum and Frequency hopping spread spectrum. 
The property of pseudo random sequences is used by CDMA. 

I) Pseudo-Random Sequences 
They are a set of signals which appear to be a set of random sequenc-

es. They are repeated over a time interval, say of Tr. In order to use such 
pseudo (false) random sequences signals in digital form, shift registers 
are required. These shift registers could be used for maximum length 
of code of the value p=(2m-1), where m-bit register is used. This is also 
called maximum length linear shift register sequence. These sequences 
have 2m-1 ones and 2m-1-1zeros that are places randomly, thus making 
the entire sequence look random. 

II) Direct Sequence Spread Spectrum (DSSS) 
Direct sequence spread spectrum is a modulation technique where 

the transmitted signal takes up more bandwidth then the information 
signal that is being modulated. Direct sequence spread spectrum trans-
missions multiply the data being transmitted by a noise signal. The noise 
signal is the pseudo random sequence and has a frequency much higher 
than that of the original signal. It thus spreads the energy of the original 
signal into a much wider band. The resultant signal appears like noise 
which could be reconstructed to the original signal at the receiving end 
by multiplying it by the same pseudo random sequence. This process is 
known as de-spreading. For de-spreading to work correctly, the trans-
mitter and receiver must be synchronized.  Sometimes while sending 
the signal from the transmitters end, other noises like inter modulation 
noise and thermal noise are transmitted to the receiver. This is also de-
scribed as narrow-band interference. The receiving signal is given as: 

Rx (t) = C1 (t) + C2 (t) + …. + Cn (t) where: Cn (t) is the received sig-
nal from the nth transmitter n (t) is the system noise 
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III) Frequency Hopping Spread Spectrum (FHSS)
It is a method of transmitting radio signals by rapidly switching a 

carrier among many frequency channels, using the pseudo random se-
quences which are known to both transmitter and receiver. Frequency 
hopping spread spectrum offers three main advantages over fixed fre-
quency transmission techniques: 

i) Spread spectrum signals are highly resistant to narrow band in-
terferences. The process of re-collecting a spread signal spreads out the 
interfering signal, causing t to recede into the background. 

ii) Spread spectrum signals are difficult to intercept. Frequency 
hopping spread spectrum signals simply appears as an increase in the 
background noise to a narrow band receiver. 

iii)  Spread spectrum transmission can share a frequency band with 
many types of conventional transmissions with minimal interference.  
Interference in frequency hopping spread spectrum is caused at instants 
when an unwanted signal appears within the pass band of the desired 
signal. It can occur under following conditions:

iv) Transmission of other users of multiple-access channel falls with-
in the range of receiver’s pass band. 

v)  Inter modulation noise can be generated due to non-linearities 
of receiver’s channels. 

Interference is coherent when hopping rate is smaller than the infor-
mation rate.

CDMA Advantages
•	 Low power spectral density. Signal is spread over a larger fre-

quency band 
Other systems suffer less from the transmitter 
•	 Interference limited operation  All frequency spectrum is used 
•	 Privacy 
The codeword is known only between the sender and receiver. 

Hence other users can not decode the messages that are in transit 
•	 Reduction of multipath affects by using a larger spectrum.
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CDMA data:

Figure 3.12. CDMA Channels Transmission.

DSSS Transmitter

Figure 3.13. CDMA Transmitter.
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DSSS Receiver

Figure 3.14 - CDMA.

Advantage of CDMA
•	 It is recognized that CDMA’s capacity gains over TDMA 
•	 Due to it’s tighter, dynamic control over the use of the power 

domain. 
•	 Choosing a new non-orthogonal PN sequence a CDMA system 

does not encounter the difficulties of choosing a spare carrier fre-
quency or time slot to carry a Traffic Channel 

•	 Ensure that interference will not be too great if it begins to trans-
mit -that there is still enough space left in the power domain. 

Disadvantages of CDMA
•	 Satellite transponders are channelized too narrowly for road band 

CDMA, which is the most attractive form of CDMA. 
•	 Power control cannot be as tight as it is in a terrestrial system be-

cause of long round-trip delay. 

3.8. Channel Allocation Schemes 
In radio resource management for wireless and cellular network, 

channel allocation schemes are required to allocate bandwidth and com-
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munication channels to base stations, access points and terminal equip-
ment. The objective is to achieve maximum system spectral efficiency 
in bit/s/Hz/site by means of frequency reuse, but still assure a certain 
grade of service by avoiding co-channel interference and adjacent chan-
nel interference among nearby cells or networks that share the band-
width. There are two types of strategies that are followed: 

•	 Fixed: FCA, fixed channel allocation: Manually assigned by the 
network operator 

•	 Dynamic: 
•	 DCA, dynamic channel allocation, 
•	 DFS, dynamic frequency selection 
•	 Spread spectrum 

3.8.1. Fixed Channel Assignment (FCA)
In Fixed Channel Allocation or Fixed Channel Assignment (FCA) 

each cell is given a predetermined set of frequency channels.FCA re-
quires manual frequency planning, which is an arduous task in TDMA 
and FDMA based systems, since such systems are highly sensitive to 
co-channel interference from nearby cells that are reusing the same 
channel. This results in traffic congestion and some calls being lost when 
traffic gets heavy in some cells, and idle capacity in other cells.

3.8.2. Dynamic Channel Assignment & Dynamic Frequency 
Selection (DCA and DFS)
Dynamic Frequency Selection (DFS) may be applied in wireless 

networks with several adjacent non-centrally controlled access points. 
A more efficient way of channel allocation would be Dynamic Chan-
nel Allocation or Dynamic Channel Assignment (DCA) in which voice 
channels are not allocated to cell permanently, instead for every call re-
quest from base station request channel from MSC.

3.9. Spread Spectrum
Spread spectrum can be considered as an alternative to complex 

DCA algorithms. Spread spectrum avoids co channel interference be-
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tween adjacent cells, since the probability that users in nearby cells use 
the same spreading code is insignificant.

Thus the frequency channel allocation problem is relaxed in cellular 
networks based on a combination of Spread spectrum and FDMA, for 
example IS95 and 3G systems. In packet based data communication ser-
vices, the communication is bursty and the traffic load rapidly changing. 
For high system spectrum efficiency, DCA should be performed on a 
packet-by-packet basis.

Examples of algorithms for packet-by-packet DCA are Dynamic 
Packet Assignment (DPA), Dynamic Single Frequency Networks (DSFN) 
and Packet and resource plan scheduling (PARPS). 

SPREAD SPECTRUM TECHNIQUES 
1. In telecommunication and radio communication, spread-spec-

trum techniques are methods by which a signal (e.g. an electrical, 
electromagnetic, or acoustic signal) generated with a particular 
bandwidth is deliberately spread in the frequency domain, re-
sulting in a signal with a wider bandwidth. 

2. These techniques are used for a variety of reasons, including the 
establishment of secure communications, increasing resistance 
to natural interference, noise and jamming, to prevent detection, 
and to limit power flux density (e.g. in satellite downlinks). 

3. Spread-spectrum telecommunications this is a technique in 
which a telecommunication signal is transmitted on a bandwidth 
considerably larger than the frequency content of the original in-
formation. 

4. Spread-spectrum telecommunications are a signal structuring 
technique that employs direct sequence, frequency hopping, or 
a hybrid of these, which can be used for multiple access and/or 
multiple functions. 

5. Frequency-hopping spread spectrum (FHSS), direct-sequence 
spread spectrum (DSSS), time-hopping spread spectrum (THSS), 
and chirp spread spectrum (CSS). 
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6. Techniques known since the 1940s and used in military commu-
nication systems since the 1950s “spread” a radio signal over a 
wide frequency range several magnitudes higher than minimum 
requirement. 

7. Resistance to jamming (interference). DS (direct sequence) is 
good at resisting continuous-time narrowband jamming, while 
FH (frequency hopping) is better at resisting pulse jamming. 

8. Resistance to fading. The high bandwidth occupied by 
spread-spectrum signals offer some frequency diversity, i.e. it is 
unlikely that the signal will encounter severe multipath fading 
over its whole bandwidth, and in other cases the signal can be 
detected using e.g. a Rake receiver.

This is a technique in which a telecommunication signal is trans-
mitted on a bandwidth considerably larger than the frequency content 
of the original information. Frequency hopping is a basic modulation 
technique used in spread spectrum signal transmission.

Figure 3.15. General Model Of Spread Spectrum System.

Spread-spectrum telecommunications uses a signal structuring tech-
nique that employs direct sequence, frequency hopping, or a hybrid of 
these, which can be used for multiple access and/or multiple functions. 
This technique decreases the potential interference to other receivers 
while achieving privacy. Spread spectrum generally makes use of a se-
quential noise-like signal structure to spread the normally narrowband 
information signal over a relatively wideband (radio) band of frequen-
cies. The receiver correlates the received signals to retrieve the original 
information signal. Originally there were two motivations: either to re-
sist enemy efforts to jam the communications (anti-jam, or AJ), or to hide 
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the fact that communication was even taking place, sometimes called 
low probability of intercept.

Figure 3.16. Direct Sequence Spread Spectrum Transmitter.
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Figure 3.17. Direct Sequence Spread Spectrum Receiver.

As an illustration, let us consider the DS-SS system shown in Fig. 
3.14 and 3.15.  A random spreading code sequence c (t) of chosen length 
is used to ‘spread’ (multiply) the modulating signal m(t). Sometimes a 
high rate pseudo-noise code is used for the purpose of spreading. Each 
bit of the spreading code is called a ‘chip’. Duration of a chip (Tc) is much 
smaller compared to the duration of an information bit (T). Let us con-
sider binary phase shift keying (BPSK) for modulating a carrier by this 
spread signal. If m(t) represents a binary information bit sequence and 
c(t) represents a binary spreading sequence, the ‘spreading’ or multipli-
cation operation reduces to modulo-2 or ex-or addition. For example, if 
the modulating signal m(t) is available at the rate of 10 Kbits per second 
and the spreading code c(t) is generated at the rate of 1 Mbits per sec-
ond, the spread signal d(t) is generated at the rate of 1 Mega Chips per 
second. So, the null-to-null main lobe bandwidth of the spread signal is 
now 2 MHz. We say that bandwidth has been ‘spread’ by this operation 
by a factor of hundred. This factor is known as the spreading gain or 
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process gain (PG). The process gain in a practical system is chosen based 
on the application.

On BPSK modulation, the spread signal becomes, s(t) =  d(t).coswt. 
Fig. 3.15 shows the baseband processing operations necessary after carri-
er demodulation. Note that, at the receiver, the operation of despreading 
requires the generation of the same spreading code incorrect phase with 
the incoming code. The pseudo noise (PN) code synchronizing module 
detects the phase of the incoming code sequence, mixed with the infor-
mation sequence and aligns the locally generated code sequence appro-
priately. After this important operation of code alignment (i.e. synchro-
nization) the received signal is ‘despread’ with the locally constructed 
spreading code sequence. The dispreading operation results in a nar-
rowband signal, modulated by the information bits only. So, a conven-
tional demodulator may be used to obtain the message signal estimate.

Advantages of Spread Spectrum (SS) Techniques
•	 Reduced interference: In SS systems, interference from undesired 

sources is considerably reduced due to the processing gain of the 
system. 

•	 Low susceptibility to multi-path fading: Because of its inherent 
frequency diversity properties, a spread spectrum system offers 
resistance to degradation in signal quality due to multi-path fad-
ing. This is particularly beneficial for designing mobile commu-
nication systems. 

•	 Co-existence of multiple systems: With proper design of pseu-
do-random sequences, multiple spread spectrum systems can 
co-exist. 

•	 Immunity to jamming: An important feature of spread spectrum 
is its ability to withstand strong interference, sometimes gener-
ated by an enemy to block the communication link. This is one 
reason for extensive use of the concepts of spectrum spreading in 
military communications. 
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Types of SS
Based on the kind of spreading modulation, spread spectrum sys-

tems are broadly classified as-
1. Direct sequence spread spectrum (DS-SS) systems 
2. Frequency hopping spread spectrum (FH-SS) systems 
3. Time hopping spread spectrum (TH-SS) systems. 
4. Hybrid systems.

Direct Sequence (DS) Spread Spectrum System (DSSS)
The simplified scheme shown in figure is of this type. The infor-

mation signal in DSSS transmission is spread at baseband and then the 
spread signal is modulated by a carrier in a second stage. Following this 
approach, the process of modulation is separated from the spreading 
operation. An important feature of DSSS system is its ability to operate 
in presence of strong co-channel interference. A popular definition of 
the processing gain (PG) of a DSSS system is the ratio of the signal band-
width to the message bandwidth.

A DSSS system can reduce the effects of interference on the trans-
mitted information. An interfering signal may be reduced by a factor 
which may be as high as the processing gain. That is, a DSSS transmit-
ter can withstand more interference if the length of the PN sequence is 
increased. The output signal to noise ratio of a DSSS receiver may be 
expressed as: (SNR) o = PG. (SNR)I, where (SNR)I is the signal to noise 
ratio before the dispreading operation is carried out.

FREQUENCY HOPPING SPREAD SPECTRUM
Another basic spread spectrum technique is frequency hopping. 

In a frequency hopping (FH) system, the frequency is constant in each 
time chip; instead it changes from chip to chip. An example FH signal is 
shown in figure.

Frequency-hopping spread spectrum (FHSS), direct-sequence 
spread spectrum (DSSS), time-hopping spread spectrum (THSS), chirp 
spread spectrum (CSS), and combinations of these techniques are forms 
of spread spectrum. Each of these techniques employs pseudorandom. 



Prof. Dr. Hari Krishnan GOPAKUMAR & Prof. Dr. Ashok JAMMI

155

Frequency hopping systems can be divided into fast-hop or slow-
hop. A fast-hop FH system is the kind in which hopping rate is greater 
than the message bit rate and in the slow-hop system the hopping rate is 
smaller than the message bit rate. This differentiation is due to the fact 
that there is a considerable difference between these two FH types. The 
FH receiver is usually non-coherent. A typical non-coherent receiver ar-
chitecture is represented in Figure.

Figure 3.18. Block Diagram of a Frequency-Hopping Transmitter.

The incoming signal is multiplied by the signal from the PN genera-
tor identical to the one at the transmitter. Resulting signal from the mix-
er is a binary FSK, which is then demodulated in a “regular” way. Error 
correction is then applied in order to recover the original signal. The tim-
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ing synchronization is accomplished through the use of early-late gates, 
which control the clock frequency

Figure 3.19. Block Diagram of a Frequency-Hopping Receiver.

Time Hopping
A typical time hopping signal is illustrated in the figure below. It is 

divided into frames, which in turn are subdivided into M time slots. As 
the message is transmitted only one-time slot in the frame is modulated 
with information (any modulation). This time slot is chosen using PN 
generator.

All of the message bits gathered in the previous frame are then trans-
mitted in a burst during the time slot selected by the PN generator. If we 
let: Tf = frame duration, k = number of message bits in one frame and Tf 
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= k ×tm , then the width of each time slot in a frame is T
M

f and the width 
of each bit in the time slot is kM

Tf or just t
M

m . Thus, the transmitted sig-
nal bandwidth is 2M times the message bandwidth. A typical time hop-
ping receiver is shown in figure. The PN code generator drives an on-off 
switch in order to accomplish switching at a given time in the frame. The 
output of this switch is then demodulated appropriately. Each message 
burst is stored and re -timed to the original message rate in order to 
recover the information. Time hopping is at times used in conjunction 
with other spread spectrum modulations such as DS or FH.

Table 3.1. Comparison of features of various spreading techniques

Spreading Merits Demerits

Method

Direct i) Simpler to implement  i) Code acquisition may be

Sequence ii) Low probability of 
interception

 difficult

iii) Can withstand multi-access  ii) Susceptible  to  Near-Far

interference reasonably 
well

problem

 iii) Affected by jamming

Frequency i) Less affected by Near-Far 
problem

 i) Needs FEC

Hopping  ii) Frequency acquisition 
may

   ii) Better for avoiding 
jamming

be difficult

iii) Less affected by multi-access

interference

Time i) Bandwidth efficient  i) Elaborate code 
acquisition

Hopping ii) Simpler than FH system is needed.

ii) Needs FEC
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HYBRID SYSTEM DS/(F) FH

The DS/FH Spread Spectrum technique is a combination of di-
rect-sequence and frequency hopping schemes. One data bit is divided 
over several carrier frequencies

Carrier1 PN code

Carrier 2 PN code
Carrier 3 PN code

Carrier 4 PN code

Time

Figure 3.20. A Hybrid DS-FH Spreading Scheme

As the FH-sequence and the PN-codes are coupled, a user uses a 
combination of an FH-sequence and a PN-code.

Features of Spreading Codes

Several spreading codes are popular for use in practical spread spec-
trum systems. Some of these are Maximal Sequence (m-sequence) length 
codes, Gold codes, Kasami codes and Barker codes. In this section will 
be briefly discussed about the m-sequences. Number sequences - creat-
ed using pseudorandom number generators — to determine and control 
the spreading pattern of the signal across the allocated bandwidth. Ul-
tra-wideband (UWB) is another modulation technique that accomplish-
es the same purpose, based on transmitting short duration pulses. Wire-
less standard IEEE 802.11 uses either FHSS or DSSS in its radio interface.

Techniques known since the 1940s and used in military communica-
tion systems since the 1950s “spread” a radio signal over a wide frequen-
cy range several magnitudes higher than minimum requirement. The 
core principle of spread spectrum is the use of noise-like carrier waves, 



Prof. Dr. Hari Krishnan GOPAKUMAR & Prof. Dr. Ashok JAMMI

159

and, as the name implies, bandwidths much wider than that required for 
simple point-to-point communication at the same data rate.

Resistance to jamming (interference). DS (direct sequence) is good 
at resisting continuous-time narrowband jamming, while FH (frequen-
cy hopping) is better at resisting pulse jamming. In DS systems, nar-
rowband jamming affects detection performance about as much as if the 
amount of jamming power is spread over the whole signal bandwidth, 
when it will often not be much stronger than background noise. By con-
trast, in narrowband systems where the signal bandwidth is low, the 
received signal quality will be severely lowered if the jamming power 
happens to be concentrated on the signal bandwidth.

Resistance to eavesdropping. The spreading code (in DS systems) 
or the frequency-hopping pattern (in FH systems) is often unknown by 
anyone for whom the signal is unintended, in which case it obscures 
the signal and reduces the chance of an adversary’s making sense of it. 
Moreover, for a given noise power spectral density (PSD), spread-spec-
trum systems require the same amount of energy per bit before spread-
ing as narrowband systems and therefore the same amount of power 
if the bitrate before spreading is the same, but since the signal power 
is spread over a large bandwidth, the signal PSD is much lower - of-
ten significantly lower than the noise PSD — so that the adversary may 
be unable to determine whether the signal exists at all. However, for 
mission-critical applications, particularly those employing commercial-
ly available radios, spread-spectrum radios do not intrinsically provide 
adequate security; “...just using spread-spectrum radio itself is not suffi-
cient for communications security”.[1]

Resistance to fading. The high bandwidth occupied by spread-spec-
trum signals offer some frequency diversity, i.e. it is unlikely that the 
signal will encounter severe multipath fading over its whole bandwidth, 
and in other cases the signal can be detected using e.g. a Rake receiver.

Multiple access capability, known as code-division multiple ac-
cess (CDMA) or code-division multiplexing (CDM). Multiple users can 
transmit simultaneously in the same frequency band as long as they use 
different spreading codes.
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The standard also recommends use of forward error-correction cod-
ing with interleaving, speech activity detection and variable-rate speech 
encoding. Walsh code is used to provide 64 orthogonal sequences, giving 
rise to a set of 64 orthogonal ‘code channels’. The spread signal is sent 
over the air interface with QPSK modulation with Root Raised Cosine 
(RRC) pulse shaping. Other examples of using spread spectrum technol-
ogy in commercial applications include satellite communications, wire-
less LANs based on IEEE 802.11 standard etc.

APPLICATIONS of SPREAD SPECTRUM
A specific example of the use of spread spectrum technology is the 

North American Code Division Multiple Access (CDMA) Digital Cellu-
lar (IS-95) standard. The CDMA employed in this standard uses a spread 
spectrum signal with 1.23-MHz spreading bandwidth. Since in a CDMA 
system every user is a source of interference to other users, control of the 
transmitted power has to be employed (due to near-far problem). Such 
control is provided by sophisticated algorithms built into control stations.

3.10. Compression - Encryption
At the broadcast center, the high-quality digital stream of video goes 

through an MPEG encoder, which converts the programming to MPEG-
4 video of the correct size and format for the satellite receiver in your 
house.

Encoding works in conjunction with compression to analyze each 
video frame and eliminate redundant or irrelevant data and extrapolate 
information from other frames. This process reduces the overall size of 
the file. Each frame can be encoded in one of three ways:

•	 As an intraframe, which contains the complete image data for 
that frame. This method provides the least compression. 

•	 As a predicted frame, which contains just enough information to 
tell the satellite receiver how to display the frame based on the 
most recently displayed intraframe or predicted frame. 

•	 As a bidirectional frame, which displays information from the 
surrounding intraframe or predicted frames. Using data from the 
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closest surrounding frames, the receiver interpolates the position 
and color of each pixel. 

This process occasionally produces artifacts -- glitches in the video 
image. One artifact is macro blocking, in which the fluid picture tempo-
rarily dissolves into blocks. Macro blocking is often mistakenly called 
pixilating, a technically incorrect term which has been accepted as slang 
for this annoying artifact.

There really are pixels on your TV screen, but they’re too small for 
your human eye to perceive them individually -- they’re tiny squares 
of video data that make up the image you see. The rate of compression 
depends on the nature of the programming. If the encoder is converting 
a newscast, it can use a lot more predicted frames because most of the 
scene stays the same from one frame to the next. In more fast-paced pro-
gramming, things change very quickly from one frame to the next, so the 
encoder has to create more intraframes. As a result, a newscast generally 
compresses to a smaller size than something like a car race.

3.10.1. Encryption and Transmission
After the video is compressed, the provider encrypts it to keep peo-

ple from accessing it for free. Encryption scrambles the digital data in 
such a way that it can only be decrypted (converted back into usable 
data) if the receiver has the correct decryption algorithm and security 
keys.

Once the signal is compressed and encrypted, the broadcast center 
beams it directly to one of its satellites. The satellite picks up the sig-
nal with an onboard dish, amplifies the signal and uses another dish to 
beam the signal back to Earth, where viewers can pick it up.

3.7.2. Video and Audio Compression
Video and Audio files are very large beasts. Unless we develop 

and maintain very high bandwidth networks (Gigabytes per second or 
more) we have to compress to data. Relying on higher bandwidths is not 
a good option -- M25 Syndrome: Traffic needs and will adapt to swamp 
current limit whatever this is. Compression becomes part of the repre-
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sentation or coding scheme which have become popular audio, image 
and video formats.

Figure 3.21. Coding Scheme.

COMPRESSION
Compression basically employs redundancy in the data:
•	 Temporal -- in 1D data, 1D signals, Audio etc. 
•	 Spatial -- correlation between neighboring pixels or data items 
•	 Spectral -- correlation between color or luminescence compo-

nents. This uses the frequency domain to exploit relationships 
between frequencies of change in data. 

•	 Psycho-visual -- exploit perceptual properties of the human visu-
al system. 

Compression can be categorized in two broad ways:

Lossless Compression
Where data is compressed and can be reconstituted (uncompressed) 

without loss of detail or information. These are referred to as bit-pre-
serving or reversible compression systems also.

Lossy Compression
Where the aim is to obtain the best possible fidelity for a given bit-

rate or minimizing the bit-rate to achieve a given fidelity measure. Video 
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and audio compression techniques are most suited to this form of com-
pression.

If an image is compressed it clearly needs to uncompressed (decod-
ed) before it can viewed/listened to. Some processing of data may be 
possible in encoded form however. Lossless compression frequently in-
volves some form of entropy encoding and are based in information the-
oretic techniques. Lossy compression uses source encoding techniques 
that may involve transform encoding, differential encoding or vector 
quantization.

3.11. Encryption
It is the most effective way to achieve data security. To read an en-

crypted file, you must have access to a secret key or password that en-
ables you to decrypt it. Unencrypted data is called plain text; encrypted 
data is referred to as cipher text. 

Figure 3.22. Encryption Method.

9.1.1. Symmetric Key Encryption
In symmetric-key schemes, the encryption and decryption keys are 

the same. Thus communicating parties must have the same key before 
they can achieve secret communication.

In public-key encryption schemes, the encryption key is published 
for anyone to use and encrypt messages. However, only the receiving 
party has access to the decryption key. 
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Figure 3.23. General block diagram Encryption methods.

Decryption
It is the process of taking encoded or encrypted text or other data 

and converting it back into text that you or the computer are able to 
read and understand. This term could be used to describe a method of 
un-encrypting the data manually or with un-encrypting the data using 
the proper codes or keys.

Data may be encrypted to make it difficult for someone to steal the 
information. Some companies also encrypt data for general protection of 
company data and trade secrets. If this data needs to be viewable, it may 
require decryption.
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UNIT IV  
EARTH SEGMENT

4.1. Earth Station Technology
Information to be transmitted is delivered to the earth station via 

coaxial cable, fiber, terrestrial microwave, or satellite. The devices in the 
transmitter chain typically consist of the multiplexer, the modulator, the 
up convertor, a high power amplifier, and the antenna. The multiplexer 
combines the individual channels onto a single data stream. The infor-
mation can be encrypted and encoded with a forward error correction 
code. The modulator modulates the baseband signal containing the de-
sired information onto an intermediate frequency (IF) carrier, usually at 
70 MHz The up converter changes the carrier to the radio frequency (RF) 
signals used to transmit the signal, such as C-band (6 GHz) or Ku-band 
(14 GHz). The high power amplifier (HPA) amplifies the modulated RF 
signals from the output of the up convertors to the required power at the 
input terminals of the antenna. Finally, the antenna transmits the ampli-
fied RF signal to the satellite.

The devices in the receiver chain reverse this process. The antenna 
receives the modulated RF signals from the satellite. The power level at 
the output terminals of the antenna is about a picowatt. This extremely 
low power level is comparable to the sound level from a barely audible 
mosquito. A low noise amplifier (LNA) amplifies the received RF sig-
nals. The down converter changes the received RF signals to IF signals 
for the demodulators. The information is extracted from the received 
IF signal by the demodulator and is decoded and decrypted. The de-
multiplex equipment then distributes the baseband information to the 
customers through the router and switch after a check of key parameters 
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and rebalancing. Data rates are usually in some standard format, such as 
a 1.544 Mbps T1 channel or a 45 Mbps DS3 channel, consisting of 28 T1’s.

The LNA is mounted on the antenna itself to minimize waveguide 
loss. This is the first active component and its performance is the prima-
ry factor in determining the capability of the receiver. The LNA must 
have a high gain but contribute very little noise. During the 1980s it was 
difficult to produce a Ku-band LNA with a noise temperature of 160 K. 
Today, using field effect transistors, it is possible to reduce this value to 
around 75 K. Because of the manner in which the noise temperatures 
combine in a series of devices to produce the overall system tempera-
ture, it is essential to place the LNA, with a high gain and low noise 
temperature, at the head of the receiver chain. Instead of an LNA, a low 
noise block down converter (LNB) may be used. An LNA only amplifies 
the signal, while an LNB both amplifies the signal and down converts 
the frequency to L-band, again to minimize losses. Systems at C-band 
use both LNA and LNB designs, but Ku-band systems employ LNBs 
almost exclusively.

A ground station, earth station, or earth terminal is a terrestrial ra-
dio station designed for extra planetary telecommunication with space-
craft, or reception of radio waves from an astronomical radio source. 
Ground stations are located either on the surface of the Earth or in its at-
mosphere.[1] Earth stations communicate with spacecraft by transmitting 
and receiving radio waves in the super high frequency or extremely high 
frequency bands (e.g., microwaves). When a ground station successful-
ly transmits radio waves to a spacecraft (or vice versa), it establishes a 
telecommunications link. A principal telecommunications device of the 
ground station is the parabolic antenna.

Ground stations may have either a fixed or itinerant position. Spe-
cialized satellite earth stations are used to telecommunicate with satel-
lites—chiefly communications satellites. Other ground stations commu-
nicate with manned space stations or unmanned space probes. A ground 
station that primarily receives telemetry data, or that follows a satellite 
not in geostationary orbit, is called a tracking station.
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Figure 4.1. Satellite Earth Station.

When a satellite is within a ground station’s line of sight, the station 
is said to have a view of the satellite. It is possible for a satellite to com-
municate with more than one ground station at a time. A pair of ground 
stations are said to have a satellite in mutual view when the stations share 
simultaneous, unobstructed, line-of-sight contact with the satellite.

Earth Stations are a vital element in any satellite communication net-
work. The function of an earth station from and transmit information to 
the satellite network in the most cost efficient and reliable manner while 
retaining the desired signal quality. 

Depending on the earth application, an earth station may have both 
transmit and receive capabilities or may only have both transmit and 
receive capabilities or may only be capable of either transmission or re-
ception. 

EARTH STATION STANDARDS
Earth stations are characterized by the antenna size, the type of ser-

vice, the frequency band, the EIRP, and the G/T Transmit antennas must 
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conform to international and domestic regulations. The side lobes must 
fall within a specified envelope in order to mitigate interference with 
neighboring satellites and terrestrial systems. The standard internation-
al specification for the side lobe gain of new antennas with diameter to 
wave length ratio greater than 100 and operating with a geostationary 
satellite is given by G = 29 - 25 log θ dB, where θ is the off-axis angle. The 
earth station antenna side lobe pattern is the primary characteristic that 
determines the minimum spacing between satellites along the geosta-
tionary arc. In addition, the EIRP in a given bandwidth must be within 
specified values at various bands and the antenna must meet certain ra-
diation hazard constraints. 

Further categorization can be based on the kind of service provided. 
The fundamental parameter is describing an earth station in the carrier 
to noise ratio. The earth segment of a satellite communications system 
consists of the transmit and receive earth stations. The simplest of these 
are the home TV receive-only (TVRO) systems, and the most complex are 
the terminal stations used for international communications networks. 
Also included in the earth segment are those stations which are on ships 
at sea, and commercial and military land and aeronautical mobile sta-
tions.

As mentioned in earth stations that are used for logistic sup- port 
of satellites, such as providing the telemetry, tracking,and command 
(TT&C) functions, are considered as part of the space segment.

EARTH STATION FACILITIES
A good example of a commercial earth station facility is the Wash-

ington International Teleport, located in Alexandria, Virginia just inside 
the Washington Capital Beltway. This facility is a hub for voice, data, 
video, internet, and other services to customers ranging from major tele-
vision broadcasters to telemedicine and distance learning providers. 
Another example is the Hughes Spring Creek earth station, located in 
southeast Brooklyn, which is the primary TT&C facility for the Hughes 
C-band and dual payload Galaxy satellites. It also provides backup for 
the Hughes Ku-band spacecraft. Spring Creek provides uplink access 
for C-band customers in the New York City area. One of the antennas is 
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used by Hughes Network Systems for a shared VSAT (very small aper-
ture terminal) hub, which supports customers who operate private data 
networks.

4.1.1. Terrestrial Interface
Information is transmitted and received from a satellite using earth 

stations which act as gateways. The information to earth station is re-
ceived from terrestrial systems such as telephone exchanges, TV and ra-
dio stations, computer centers etc. The data received from these systems 
over cables, wires etc need to be formatted for transmission over satellite 
channels. For example, analog voice or video signals may be converted 
to digital signals for transmission in digital format on satellite channels. 
Also, signals received from many terrestrial systems may be multiplexed 
(combined) on a single stream. The ‘terrestrial interface’ circuits do all 
such tasks, both on transmit side and receive side of the earth stations.

Earth station is a vital element in any satellite communication net-
work. The function of an earth station is to receive information from or 
transmit information to, the satellite network in the most cost-effective 
and reliable manner while retaining the desired signal quality. The de-
sign of earth station configuration depends upon many factors and its 
location. But it is fundamentally governed by its location which are list-
ed below,

• In land 
• On a ship at sea 
• Onboard aircraft 

EARTH STATION CONFIGURATION 
Any earth station consists of four major subsystems
• Transmitter 
• Receiver 
• Antenna 
• Tracking equipment 
Two other important subsystems are
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• Terrestrial interface equipment 

• Power supply

 The earth station depends on the following parameters

 • Transmitter power

 • Choice of frequency

 • Gain of antenna 

• Antenna efficiency 

• Antenna pointing accuracy 

• Noise temperature 

• Local conditions such as wind, weather etc, 

• Polarization 

•Propagationlosses

The functional elements of a basic digital earth station are shown in 
the below figure

Figure 4.2. Transmitter- Receiver.
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Digital information in the form of binary digits from terrestrial net-
works enters earth station and is then processed (filtered, multiplexed, 
formatted etc.) by the base band equipment.

• The encoder performs error correction coding to reduce the error 
rate, by introducing extra digits into digital stream generated by 
the base band equipment. The extra digits carry information.

• In satellite communication, I.F carrier frequency is chosen at 70 
MHz for communication using a 36 MHz transponder bandwidth 
and at 140 MHz for a transponder bandwidth of 54 or 72 MHz. 

• On the receive side, the earth station antenna receives the low-lev-
el modulated R.F carrier in the downlink frequency spectrum. 

• The low noise amplifier (LNA) is used to amplify the weak re-
ceived signals and improve the signal to Noise ratio (SNR). The 
error rate requirements can be met more easily. 

• R.F is to be reconverted to I.F at 70 or 140 MHz because it is easier 
design a demodulation to work at these frequencies than 4 or 12 
GHz. 

• The demodulator estimate which of the possible symbols was 
transmitted based on observation of the received if carrier. 

• The decoder performs a function opposite that of the encoder. 
Because the sequence of symbols recovered by the demodulator 
may contain errors, the decoder must use the uniqueness of the 
redundant digits introduced by the encoder to correct the errors 
and recover information-bearing digits. 

• The information stream is fed to the base-band equipment for 
processing for delivery to the terrestrial network. 

• The tracking equipments track the satellite and align the beam 
towards it to facilitate communication. 

4.1.2. Earth Station Tracking System 

Tracking is essential when the satellite drift, as seen by an earth sta-
tion antenna is a significant fraction of an earth station’s antenna beam 
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width. An earth station’s tracking system is required to perform some of 
the functions such as 

i) Satellite acquisition 
ii) Automatic tracking 
iii) Manual tracking 
iv) Program tracking. 

a) Satellite Acquisition 
Communication can be established it is necessary to acquire a sat-

ellite. One method is to program the antenna to perform a scan around 
the predicted position of the satellite. The automatic tacking is switched 
on when the received Signal strength is sufficient to lock the tracking 
receiver to the beacon. 

b) Automatic Tracking 
After acquisition a satellite needs to be tracked continuously. This 

function is performed by the automatic tracking system. Auto-tack sys-
tems are closed-loop control systems and are therefore highly accurate. 
This tracking mode is the preferred configuration when accuracy is the 
dominant criterion. 

c) Manual Track 
To avoid a total loss of communication due to a failure in the tracking 

system, earth stations generally also have manual mode. In this mode an 
antenna is moved through manual commands. 

d) Program Track 
In this tracking mode the antenna is driven to the predicted satel-

lite position by a computer. The satellite position predictions are usually 
supplied by the satellite operators. It may be noted that since a program 
track system is an open-loop control system, its accuracy is mainly gov-
erned by the accuracy of the prediction data.
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MAIN ELEMENTS of A SATELLITE TRACKING SYSTEM

Figure 4.3. Main Elements Of A Satellite Tracking System.

Communication satellites transmit a beacon which is used by earth 
stations for tracking. The received beacon signal is fed into the au-
to-track receiver where tracking corrections or, in some auto-track sys-
tems estimated positions of the satellite are derived. In other auto-track 
techniques the feed system provides the required components of error 
signals. The outputs of the auto-track receivers are processed and used 
to drive each axis of the antenna to the estimated satellite position. 

In the manual mode, an operator sets the desired angles for each axis 
on a control console. This position is compared with the actual antenna 
position, obtained through shaft encoders, and the difference signal is 
used to drive the antenna. 

In the program track mode the desired antenna position is obtained 
from a computer. The difference in the desired antenna positions consti-
tutes the error and is used to drive the antenna. 
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Auto Track System

There are three main types of auto-track system which have been 
commonly used for satellite tracking; 

v) Conical scan; 

vi) Monopulse ; 

vii) Step-track.

CONICAL SCAN 

The conical scan technique has evolved from the lobbing technique 
used in the RADARS (Radio detection and ranging). In this technique an 
antenna beam is switched between two positions. When an approach-
ing target is at the centre of these beams the echoes from each beam are 
equal in magnitude, but at other positions unequal. The antenna posi-
tion is adjusted such that the amplitudes of echoes are equalized. 

This concept was extended to a continuous rotation of a beam 
around a target, giving rise to the conical scan technique.

Figure 4.4. Shows the Principle of this Technique.

An antenna beam is rotated around an axis (rotation axis) which is 
offset from the beam axis by a small squint angle. Whenever the satellite 
is off the target axis, the envelope of the received beacon is modulated at 
the rate of beam rotation. 
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The tracking receiver in the conical scan technique uses the full re-
ceived power for extracting errors and hence the sensitivity requirement 
of the auto track receiver is reduced. The accuracy of the system is af-
fected by amplitude disturbances. Moreover, the maximum gain of the 
antenna is not realized because of the squint introduced into the main 
beam. As a result of these limitations conical systems are surpassed by 
other tracking techniques.

 ii) MONOPULSE TECHNIQUE 
In the mono pulse technique, the errors for driving the antenna sys-

tem are derived by simultaneous lobbing of the received beacon –hence 
the name Static-split or monopulse. The inherent susceptibility of the 
conical scan technique to amplitude fluctuations is eliminated since er-
rors are derived from simultaneous measurements. 

Several mono pulse schemes such as amplitude comparison, phase 
comparison or amplitude phase comparison are possible. The amplitude 
comparison technique is the simplest and commonly used for satellite 
tracking.

iii) STEP –TRACK SYSTEM 
In the step –track technique, error signals are derived from ampli-

tude sensing. The operation is base on maximization of the received 
signal by moving the axes in small steps (hence the name step track) 
until a maximization is affected. The tracking accuracy of the technique 
depends on the step size and the signal to noise ratio. For high signal to 
noise ratios the standard deviation of tracking error approaches the step 
size.

4.2. Antenna Systems
The antenna system consist of
•	 Feed System 
•	 Antenna Reflector 
•	 Mount 
•	 Antenna tracking System.



AN ELEMENTARY APPROACH TOWARDS SATELLITE COMMUNICATION

176

4.2.0. FEED System
The feed along with the reflector is the radiating/receiving element 

of electromagnetic waves. The reciprocity property of the feed element 
makes the earth station antenna system suitable for transmission and 
reception of electromagnetic waves. The way the waves coming in and 
going out is called feed configuration Earth Station feed systems most 
commonly used in satellite communication are:

i) Axi-Symmetric Configuration,
ii) Asymmetric Configuration

Axi-Symmetric Configuration
In an axi-symmetric configuration the antenna axes are symmetrical 

with respect to the reflector, which results in a relatively simple mechan-
ical structure and antenna mount.

Primary Feed
In primary, feed is located at the focal point of the parabolic reflector. 

Many dishes use only a single bounce, with incoming waves reflecting 
off the dish surface to the focus in front of the dish, where the antenna 
is located. when the dish is used to transmit, the transmitting antenna at 
the focus beams waves toward the dish, bouncing them off to space. This 
is the simplest arrangement.

Cassegrain 
Many dishes have the waves make more than one bounce. This is 

generally called as folded systems. The advantage is that the whole dish 
and feed system is more compact. There are several folded configura-
tions, but all have at least one secondary reflector also called a sub reflec-
tor, located out in front of the dish to redirect the waves.

A common dual reflector antenna called Cassegrain has a convex 
sub reflector positioned in front of the main dish, closer to the dish than 
the focus. This sub reflector bounces back the waves back toward a feed 
located on the main dish’s center, sometimes behind a hole at the center 
of the main dish. Sometimes there are even more sub reflectors behind 
the dish to direct the waves to the fed for convenience or compactness.
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Gregorian
This system has a concave secondary reflector located just beyond 

the primary focus. This also bounces the waves back toward the dish.

ii)Asymmetric Configuration
Offset or off-Axis Feed
The performance of tan axi- symmetric configuration is affected by 

the blockage of the aperture by the feed and the sub reflector assembly. 
The result is a reduction in the antenna efficiency and an increase in the 
side lobe levels. The asymmetric configuration can remove this limita-
tion. This is achieved by off-setting the mounting arrangement of the 
feed so that it does not obstruct the main beam. As a result, the efficiency 
and side lobe level performance are improved.

4.2.2. Antenna Reflector
Mostly parabolic reflectors are used as the main antenna for the 

earth stations because of the high gain available from the reflector and 
the ability of focusing a parallel beam into a point at the focus where the 
feed,i.e., the receiving/radiating element is located .For large antenna 
system more than one reflector surfaces may be used in as in the casseg-
rain antenna system. Earth stations are also classified on the basis of ser-
vices for example:

 1. Two-way TV, Telephony and data
 2. Two-way TV
 3. TV receive only and two-way telephony and data 
 4. Two-way data
From the classifications it is obvious that the technology of earth sta-

tion will vary considerably on the performance and the service require-
ments of earth station. For mechanical design of parabolic reflector, the 
following parameters are required to be considered:

•	 Size of the reflector 
•	 Focal Length /diameter ratio 
•	 RMS error of main and sub reflector 



AN ELEMENTARY APPROACH TOWARDS SATELLITE COMMUNICATION

178

•	 Pointing and tracking accuracies 
•	 Speed and acceleration 
•	 Type of mount 
•	 Coverage Requirement.

Wind Speed 
The size of the reflector depends on transmit and receive gain re-

quirement and beam width of the antenna. Gain is directly proportional 
to the antenna diameter whereas the beam width is inversely propor-
tional to the antenna diameter. For high inclination angle of the satel-
lite, the tracking of the earth station becomes necessary when the beam 
width is too narrow.

The overall efficiency of the antenna is the net product of various 
factors such as

1. Cross Polarization 
2. Spill over 
3. Diffraction 
4. Blockage 
5. Surface accuracy 
6. Phase error 
7. Illumination.
In the design of feed, the ratio of focal length F to the diameter of the 

reflector D of the antenna system control the maximum angle subtended 
by the reflector surface on the focal point. Larger the F/D ratio larger 
is the aperture illumination efficiency and lower the cross polarization.
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Figure 4.2. Antenna sub systems.

4.2.3. Antenna Mount
Type of antenna mount is determined mainly by the coverage re-

quirement and tracking requirements of the antenna systems. Different 
types of mounts used for earth station antenna are:

i) The Azimuth –Elevation Mount 
This mount consists of a primary vertical axis. Rotation around this 

axis controls the azimuth angle. The horizontal axis is mounted over the 
primary axis, providing the elevation angle control.

ii) The X-Y Mount 
It consists of a horizontal primary axis (X- axis) and a secondary axis 

(Y-axis) and at right angles to it. Movement around these axes provides 
necessary steering.

4.2.4. Antenna Tracking System
Tracking is essential when the satellite drift, as seen by an earth sta-

tion antenna is a significant fraction of an earth station’s antenna beam 
width. An earth station’s tracking system is required to perform some of 
the functions such as
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i) Satellite acquisition

ii) Automatitracking 

iii) Manual tracking 

iv) Programtracking.

Recent Tracking Techniques

There have been some interesting recent developments in auto-track 
techniques which can potentially provide high accuracies at a low cost.

In one proposed technique the sequential lobbing technique has 
been implemented by using rapid electronic switching of a s single beam 
which effectively approximates simultaneous lobbing.

4.3. Receive-Only Home TV Systems

Planned broadcasting directly to home TV receivers takes place in 
the Ku (12-GHz) band. This service is known as direct broadcast satellite 
(DBS) service. There is some variation in the frequency bands assigned 
to different geographic regions. In the Americas, for example, the down- 
link band is 12.2 to 12.7 GHz. The comparatively large satellite receiving 
dishes [ranging in diameter from about 1.83 m (6 ft) to about 3m (10 ft)
in some locations], which may be seen in some “backyards” are used to 
receive downlink TV signals at C band(4GHz).

Originally such downlink signals were never intended for home re-
ception but for network relay to commercial TV outlets (VHF and UHF 
TV broadcast stations and cable TV “head-end” studios).

4.3.1. The Indoor Unit 

Equipment is now marketed for home reception of C-band signals, 
and some manufacturers provide dual C-band/Ku-band equipment. A 
single mesh type reflector may be used which focuses the signals into a 
dual feed- horn, which has two separate outputs, one for the C-band sig-
nals and one for the Ku-band signals. Much of television programming 
originates as first generation signals, also known as master broadcast quality 
signals. 
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These are transmitted via satellite in the C band to the network head- 
end stations, where they are retransmitted as compressed digital signals 
to cable and direct broadcast satellite providers.

•	 Another of the advantages, claimed for home C-band systems, is 
the larger number of satellites available for reception compared 
to what is available for direct broadcast satellite systems. 

•	 Although many of the C-band transmissions are scrambled, there 
are free channels that can be received C-band users can also sub-
scribe to pay TV channels, and another advantage claimed is that 
subscription services are cheaper than DBS or cable because of 
the multiple-source programming available. 

•	 The most widely advertised receiving system for C-band system 
be 4DTV manufactured by Motorola.

This enables reception of:
•	 Free, analog signals and “wild feeds” 
•	 Video Cipher ll plus subscription services 
•	 Free Digi Cipher 2 services 
•	 Subscription Digi Cipher 2 services 
Video Cipher is the brand name for the equipment used to scramble 

analog TV Signals. Digi Cipher 2 is the name given to the digital com-
pression standard used in digital transmissions.

The Major difference between Ku band and C band receive only sys-
tems lies in the frequency of operation of the outdoor unit and the fact 
that satellites intended for DBS have much higher EIRP.
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Figure 4.3.TVRO System Block Diagrams.
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4.3.2. The Outdoor Unit 
This consists of a receiving antenna feeding directly into a low-noise 

amplifier/converter combination. A parabolic reflector is generally 
used, with the receiving horn mounted at the focus. A common design is 
to have the focus directly in front of the reflector, but for better interfer-
ence rejection, an offset feed may be used as shown. Comparing the gain 
of a 3-m dish at 4 GHz with a 1-m dish at 12 GHz, the ratio D/l equals 
40 in each case, so the gains will be about equal. Although the free-space 
losses are much higher at 12GHz compared with 4 GHz.

The downlink frequency band of 12.2 to 12.7 GHz spans a range of 
500 MHz, which accommodates 32 TV/FM channels, each of which is 
24-MHz wide. Obviously, some overlap occurs between channels, but 
these are alternately polarized left-hand circular (LHC) and right-hand cir-
cular (RHC) or vertical/horizontal, to reduce interference to accept- able 
levels. This is referred to as polarization interleaving. A polarizer that may 
be switched to the desired polarization from the indoor control unit is 
required at the receiving horn. The receiving horn feeds into a low-noise 
converter (LNC) or possibly a combination unit consisting of a low-noise 
amplifier (LNA) followed by a converter. The combination is referred to 
as an LNB, for low-noise block.  

The LNB provides gain for the broadband 12-GHz signal and then 
converts the signal to a lower frequency range so that a low-cost coaxial 
cable can be used as feeder to the indoor unit. The signal fed to the in-
door unit is normally a wideband signal covering the range 950 to 1450 
MHz. This is amplified and passed to a tracking filter which selects the 
desired channel, as shown in Fig. As previously mentioned, polarization 
interleaving is used, and only half the 32 channels will be present at the 
input of the indoor unit for any one setting of the antenna polarizer. This 
eases the job of the tracking filter, since alternate channels are well sep-
arated in frequency. The selected channel is again down converted, this 
time from the 950- to 1450-MHz range to a fixed intermediate frequency, 
usually 70 MHz although other values in the very high frequency (VHF) 
range are also used. The Low noise amplification must be provided at 
the cable input in order to maintain a satisfactory SNR. An LNA at the 
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indoor end of the cable would be of little use, because it would also am-
plify the cable thermal noise.

4.4. Master Antenna TV System 
SMATV is Single Master Antenna Television (or Satellite Mas-

ter Antenna Television), The purpose of SMATV is for supplying and 
controlling the number and type of channels to multiple televisions.[2] 
Not only TV channels but FM channels as well. It provides Reception 
of DBS TV/FM channels for hotels, motels, dormitories, hospitals and 
commercial properties with multiple tenants, schools. Using a master 
antenna system video signals, audio signals, decoder signals can also be 
distributed. SMATV (Satellite Master Antenna Television) allows you to 
receive programming straight from the satellite. You can choose which 
programming you want, taking advantage of special corporate broad-
casts, distance learning programming, sporting events, and foreign lan-
guage programming.

It consists of single outdoor unit or antenna feeding to number of 
indoor units. The channels accessible are independent of other users. For 
maintaining a good Signal to noise Ratio at all the indoor units served, a 
larger antenna is required. Antenna with 2 m-3m diameter.

A SMATV head end is used to receive and rebroadcast Satellite TV 
channels throughout a property from a single satellite feed. 

The system consists of Master Antenna, matching transformer to 
match the balanced antenna with unbalanced cable and amplifiers. 
Mostly antenna have impedance around is around 300 ohm. To convert 
it to 75 ohm matching Transformer Balun is used. For trunk line isola-
tion, a resistive inductive device known as splitter is used. It amplifier 
output is fed to splitter through coaxial trunk lines. 

There are several methods of distribution that is often used in a 
SMATV headend including:

•	 IPTV (Internet Protocol) TV Systems
•	 Com1000 Pro:Idiom Encrypted HD Headend
•	 L-Band Satellite TV Distribution
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Two Main approaches for distribution of digital TV signal in SMATV 
installations:

•	 Trans modulation from satellite Quaternary phase shift keying 
QPSK to Quadrature Amplitude Modulation QAM

•	 Direct Distribution of QPSK[9]

In the United States the satellite carriers utilized to provide the sat-
ellite TV signal for SMATV headend systems are:

•	 DIRECTV
•	 Dish Network Smart
SMATV delivers a distributed digital signal throughout your facility 

and can even include your local off-air channels. The system is the alter-
native to cable television because it allows you to customize your pro-
gramming according to your audience’s needs and desires. Instead of 
choosing from cable-television’s standard programming packages, we 
design our own channel line-up. Not having to pay for “filler” channels 
that no one watches can greatly reduce your entertainment operating 
costs.

 The other benefits are:
•	 SMATV’s direct satellite feed offers superior reception on all 

channels, on every TV
•	 SMATV provides custom and specialty programming to attract 

guests and tenants 
•	 SMATV’s private entertainment delivery is stable and well estab-

lished. 
•	 SMATV’s systems require very little maintenance and are simple 

to operate. 
•	 SMATV’s system, including installation, equipment, and pro-

gramming, can cost less than half of a traditional cable television 
system. 

A master antenna TV (MATV) system is used to provide reception 
of DBS TV/FM channels to a small group of users, for example, to the 
tenants in an apartment building. It consists of a single outdoor unit (an-
tenna and LNA/C) feeding a number of indoor units, as shown in Fig. It 
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is basically similar to the home system already described, but with each 
user having access to all the channels independently of the other users. 
The advantage is that only one outdoor unit is required, but as shown, 
separate LNA/Cs and feeder cables are required for each sense of polar-
ization. Compared with the single- user system, a larger antenna is also 
required (2- to 3-m diameter) in order to maintain a good signal-to-noise 
ratio at all the indoor units. Where more than a few subscribers are in-
volved, the distribution system used is similar to the community antenna 
(CATV) system described in the following section.

Figure 4.4. MATV System Block Diagram.
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4.5. Community Antenna TV System 
Cable TV is also known as “CATV” (community antenna television). 

In addition to bringing television programs to those millions of people 
throughout the world who are connected to a community antenna, cable 
TV will likely become a popular way to interact with the World Wide 
Web and other new forms of multimedia information and entertainment 
services.

Cable television is a system of delivering television programming to 
paying subscribers via radio frequency (RF) signals transmitted through 
coaxial cables or light pulses through fiber-optic cables. This contrasts 
with broadcast television, in which the television signal is transmitted 
over the air by radio waves and received by a television antenna at-
tached to the television. FM radio programming, high-speed Internet, 
telephone service, and similar non-television services may also be pro-
vided through these cables.

The abbreviation CATV is often used for cable television. It origi-
nally stood for Community Access Television or Community Antenna Tele-
vision, from cable television’s origins in 1948: in areas where over-the-
air reception was limited by distance from transmitters or mountainous 
terrain, large “community antennas” were constructed, and cable was 
run from them to individual homes. The origins of cable broadcasting 
are even older as radio programming was distributed by cable in some 
European cities as far back as 1924.Earlier cable television was analog, 
but since 2000s all cable operators have switched to or are in process of 
switching to digital cable television.

Figure 4.5. Coaxial Cable Used to Carry Cable Television into Subscribers’ 
Residences.
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The CATV system employs a single outdoor unit, with separate 
feeds available for each sense of polarization, like the MATV system, 
so that all channels are made available simultaneously at the indoor re-
ceiver. Instead of having a separate receiver for each user, all the carriers 
are demodulated in a common receiver-filter system, as shown in Fig. 
The channels are then combined into a standard multiplexed signal for 
transmission over cable to the subscribers.

PRINCIPLE of OPERATION
Diagram of a modern hybrid fiber-coaxial cable television system is 

shown below. At the regional headend, the TV channels are sent multi-
plexed on a light beam which travels through optical fiber trunk lines, 
which fan out from distribution hubs to optical nodes in local communities. 
Here the light signal from the fiber is translated to a radio frequency 
electrical signal, which is distributed through coaxial cable to individual 
subscriber homes.

Figure 4.6. Hybrid Fiber-Coaxial Cable Television System.

In the most common system, multiple television channels (as many 
as 500, although this varies depending on the provider’s available chan-
nel capacity) are distributed to subscriber residences through a coaxial 
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cable, which comes from a trunk line supported on utility poles origi-
nating at the cable company’s local distribution facility, called the head-
end. Many channels can be transmitted through one coaxial cable by 
a technique called frequency division multiplexing. At the headend, 
each television channel is translated to a different frequency. By giving 
each channel a different frequency “slot” on the cable, the separate tele-
vision signals do not interfere. At the subscriber’s residence, either the 
subscriber’s television or a set-top box provided by the cable company 
translates the desired channel back to its original frequency (baseband), 
and it is displayed on-screen. Due to widespread cable theft in earlier 
analog systems, the signals are encrypted on modern digital cable sys-
tems, and the set-top box must be activated by an activation code sent 
by the cable company before it will function, which is only sent after the 
subscriber signs up. There are also usually “upstream” channels on the 
cable, to send data from the customer box to the cable headend, for ad-
vanced features such as requesting pay-per-view shows, cable internet 
access, and cable telephone service. The “downstream” channels occupy 
a band of frequencies from approximately 50 MHz to 1 GHz, while the 
“upstream” channels occupy frequencies of 5 to 42 MHz. Subscribers 
pay with a monthly fee. Subscribers can choose from several levels of 
service, with “premium” packages including more channels but costing 
a higher rate.

At the local headend, the feed signals from the individual television 
channels are received by dish antennas from communication satellites. 
Additional local channels, such as local broadcast television stations, ed-
ucational channels from local colleges, and community access channels 
devoted to local governments (PEG channels) are usually included on 
the cable service. Commercial advertisements for local business are also 
inserted in the programming at the headend (the individual channels, 
which are distributed nationally, also have their own nationally oriented 
commercials).

In remote areas where a cable distribution system may not be in-
stalled, the signal can be rebroadcast from a low-power VHF TV trans-
mitter. Figure shows a remote TV station which employs an 8-m (26.2-ft) 
antenna for reception of the satellite TV signal in the C band
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Figure 4.7. Possible arrangement for the Indoor Unit of a Community Antenna 
TV (CATV) System.

With the CATV system, local programming material also may be 
distributed to subscribers, an option which is not permitted in the MATV 
system.

4.6. Test Equipment Measurements on G/T, C/No, EIRP

Measurement of G/T of small antennas is easily and simply mea-
sured using the spectrum analyser method. For antennas with a diame-
ter of less than 4.5 meters it is not normally necessary to point off from 
the satellite. A step in frequency would be required into one of the satel-
lite transponder guard bands. However, antennas with a G/T sufficient-
ly large to enable the station to see the transponder noise floor either a 
step in frequency into one of the satellite transponder guard bands and/
or in azimuth movement would be required.

The test signal can be provided from an SES WORLD SKIES beacon.
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Procedure
(a) Set up the test equipment as shown below. Allow half an hour 

to warm up, and then calibrate in accordance with the manufacturer’s 
procedures. 

(b) Adjust the centre frequency of your spectrum analyzer to receive 
the SES WORLD SKIES beacon (data to be provided on the satellite used 
for testing) 

© Carefully peak the antenna pointing and adjust the polarizer by 
nulling the cross polarized signal. You cannot adjust polarization when 
using the circularly polarized SES WORLD SKIES beacon.  

(c) Configure the spectrum analyzer as follows: Centre Frequency: 
Adjust for beacon or test signal frequency.

Figure 4.8. One Possible Arrangement for Measurement of G/T.

Use marker to peak and marker to centre functions.

•	 Frequency Span: 100 KHz 

•	 Resolution Bandwidth: 1 KHz 

•	 Video Bandwidth: 10 Hz (or sufficiently small to limit noise vari-
ance) 
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•	 Scale: 5 dB/div 
•	 Sweep Time: Automatic 
•	 Attenuator Adjust to ensure linear operation. Adjust to provide 

the “Noise floor delta” described in steps 7 and 8. 
(d) To insure the best measurement accuracy during the following 

steps, adjust the spectrum analyser amplitude (reference level) so 
that the measured signal, carrier or noise, is approximately one 
division below the top line of the spectrum analyser display. 

(e) Record the frequency and frequency offset of the test signal from 
the nominal frequency: 

For example, assume the nominal test frequency is 11750 MHz but 
the spectrum analyser shows the peak at 11749 MHz. The frequency off-
set in this case is -1 MHz.

(g) Change the spectrum analyser centre frequency as specified by 
SES WORLD SKIES so that the measurement is performed in a 
transponder guard band so that only system noise power of the 
earth station and no satellite signals are received. Set the spec-
trum analyser frequency as follows:

Centre Frequency = Noise slot frequency provided by the PMOC
(h) Disconnect the input cable to the spectrum analyser and confirm 

that the noise floor drops by at least 15 dB but no more than 25dB. 
This confirms that the spectrum analyser’s noise contribution has 
an insignificant effect on the measurement. An input attenuation 
value allowing a “Noise floor Delta” in excess of 25 dB may cause 
overloading of the spectrum analyser input. (i) Reconnect the in-
put cable to the spectrum analyser.

(j) Activate the display line on the spectrum analyser. 
(k) Carefully adjust the display line to the noise level shown on the 

spectrum analyser. 
Record the display line level. 
(l) Adjust the spectrum analyser centre frequency to the test carrier 

frequency recorded in step (e). 
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(m) Carefully adjust the display line to the peak level of the test 
carrier on the spectrum analyser. Record the display line level. 

(n) Determine the difference in reference levels between steps (l) and 
(j) which is the (C+N)/N. 

(o) Change the (C+N)/N to C/N by the following conversion:

This step is not necessary if the (C+N)/N ratio is more than 20 dB 
because the resulting correction is less than 0.1 dB.

(p) Calculate the carrier to noise power density ratio (C/No) using:

The 2.5 dB figure corrects the noise power value measured by the 
log converters in the spectrum analyser to a true RMS power level, and 
the SA correlation factor takes into account the actual resolution filter 
bandwidth.

(q) Calculate the G/T using the following:

Where, EIRPSC – Downlink EIRP measured by the PMOC (dBW) 
Accor – Aspect correction supplied by the PMOC (dB)

FSL – Free Space Loss to the AUT supplied by the PMOC (dB) La – 
Atmospheric attenuation supplied by the PMOC (dB)

(r) Repeat the measurement several times to check consistency of the 
result.
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4.7. Antenna Gain

Antenna gain is usually defined as the ratio of the power produced 
by the antenna from a far-field source on the antenna’s beam axis to the 
power produced by a hypothetical lossless isotropic antenna, which is 
equally sensitive to signals from all directions.

Two direct methods of measuring the Rx gain can be used; integra-
tion of the Rx side lobe pattern or by determination of the 3dB and 10dB 
beam widths. The use of pattern integration will produce the more accu-
rate results but would require the AUT to have a tracking system. In both 
cases the test configurations for measuring Rx gain are identical, and are 
illustrated in Figure. In order to measure the Rx gain using pattern inte-
gration the AUT measures the elevation and azimuth narrowband (±5° 
corrected) side lobe patterns. The AUT then calculates the directive gain 
of the antenna through integration of the side lobe patterns.

Figure 4.9. One possible arrangement for Measurement of Antenna Gain

The Rx gain is then determined by reducing the directive gain by the 
antenna inefficiencies. In order to measure the Rx gain using the beam-
width method, the AUT measures the corrected azimuth and elevation 
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3dB/10dB beamwidths. From these results the Rx gain of the antenna 
can be directly calculated using the formula belo

where: G is the effective antenna gain (dBi)
Az3 is the corrected azimuth 3dB beamwidth (°) El3 is the elevation 

3dB beamwidth (°)
Az10 is the corrected azimuth 10dB beamwidth (°) El10 is the eleva-

tion 10dB beamwidth (°)
FLoss is the insertion loss of the feed (dB)
R Loss is the reduction in antenna gain due to reflector inaccuracies, 

and is given by:
R Loss =4.922998677 (S dev f )2 dB
where: Sdev is the standard deviation of the actual reflector surface 

(inches) f is the frequency (GHz)
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UNIT V  
SATELLITE APPLICATIONS

There are many applications for satellites in today’s world. Ever 
since the first satellite, Sputnik 1, was launched in 1957, large numbers 
of satellites have been launched into space to meet a variety of needs. As 
satellite technology has developed over the years, so as the number of 
applications to which they can be put. Whatever the type of satellite it is 
necessary to be able to communicate with them, and in view of the large 
distances, the only feasible technology is radio. As such radio communi-
cation is an integral part of any satellite system, whatever its application.

Satellites are an invisible utility: the services they provide are every-
where and we don’t even notice them. But, what is a satellite and what 
do they do?

Anything in orbit around the Earth is technically a satellite, such as 
the Moon, however we tend to think of satellites as an object deliberately 
sent into space to perform a specific task or function. These man made, 
or artificial, satellites can be as small as a shoe box or as big as a car. The 
function a satellite is designed to fulfill will determine what kind of sen-
sors, transmitters and receivers it carries.

Astronomical satellites - these satellites are used for the observation 
of distant stars and other objects in space. Placing an observation point 
in space removes the unwanted effects of the atmosphere and enables 
far greater levels of detail to be seen than would be possible on earth 
where many observatories are placed on mountain tops that experience 
low levels of cloud. The most famous astronomical satellite is the Hub-
ble Telescope. Although now reaching the end of its life it has enabled 
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scientists to see many things that would otherwise not have been pos-
sible. Nevertheless, it did suffer some major design setbacks that were 
only discovered once it was in orbit.

Earth observation satellites - these satellites are used for observing 
the earth’s surface and as a result they are often termed geographical 
satellites. Using these satellites, it is possible to see many features that 
are not obvious from the earth’s surface, or even at the altitudes at which 
aircraft fly. Using these earth observation satellites many geographical 
features have become obvious and they have even been used in mineral 
search and exploitation.

Reconnaissance satellites - these satellites, are able to see objects 
on the ground and are accordingly used for military purposes. As such 
their performance and operation is kept secret and not publicized.

Weather satellites - as the name implies these satellites are used to 
monitor the weather. They have helped considerably in the forecasting 
of the weather and have helped provide a much better understanding 
not only of the underlying phenomena, but also in enabling predictions 
to be made.

Communication Satellite: These satellites possible form the greatest 
number of satellites that are in orbit. They are used for communicating 
over large distances. The height of the satellite above the Earth enables 
the satellites to communicate over vast distances, and thereby overcom-
ing the curvature of the Earth’s surface.

Even within the communications field there are a number of sub-cat-
egories. Some satellites are used for point to point telecommunications 
links, others are used for mobile communications, and there are those 
used for direct broadcast. There are even some satellites used for mobile 
phone style communications. Even though these satellites did not take 
the market in the way that was originally expected because terrestri-
al mobile phone networks spread faster than was originally envisaged, 
some mobile phone satellite systems still exist.

Communications satellites allow us to listen to the radio, watch tele-
vision and communicate with each other all over the world. Perhaps the 
most famous use of communications satellites is the provision of Sky TV. 
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It is worth noting that regardless of whether you have a satellite dish 
outside of your house, the signals for most of the channels you watch on 
terrestrial TV have passed through at least one satellite.

This is because communications signals travel in straight lines and 
do not follow the curvature of the Earth.

Communications satellites receive these signals as they enter space 
and redirect them either to another satellite or to a receiver on Earth.

Figure 5.1. Satellite Communication Path.

Recent developments in satellite communications use a combina-
tion of WiFi, satellite and mobile networks to ensure continuous com-
munications coverage regardless of your location. This is being trialed 
in Aberdeen shire by the Highlands and Islands Enterprise to help make 
life-changing differences in the way communities receive medical care. 
The project aims to make better links between patients in remote areas 
with medical experts. This is of particular importance for people who 
have suffered strokes and for whom rapid response is required. Com-
munications satellites area also used for mobile applications such as 
communications to ships, vehicles, planes in remote areas. They are also 
used for hand-held terminals including credit card machines at restau-
rants.
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Global Navigation Satellite
The use of satellites for navigation is actually a derived application 

from constellations of satellites launched to provide Position, Naviga-
tion and Timing (PNT) services. Perhaps the most famous satellite based 
navigation system is the US Global Positioning System (GPS), originally 
launched as part of a military programmer.

A more generic term for GPS is Global Navigation Satellite System 
(GNSS). Many GNS Systems exist; the Russian system is called GLON-
ASS, the European system is called Galileo, and the Chinese system is 
called COMPASS. All of these systems work in much the same way: the 
satellites emit pulses which can be detected by receivers on the Earth. 
These pulses are then run through specially designed software that 
turns it into information: the most widely used application is the one in 
the ‘Sat Nav’ system in your car or the one you use on your smart phone 
to help you get from A to B.

GNSS is also used extensively for surveying and mapping, to aid in 
rapid response for disaster relief and in transportation systems, particu-
larly maritime and aviation.

The European Commission recently launched the first of 30 satellites 
as part of a new initiative for a state-of-the-art global satellite navigation 
system. The system, called Galileo, will be inter-operable with GPS and 
GLONASS, providing a highly accurate, guaranteed global positioning 
service under civilian control. 

The timing services provided by satellites provides us with precise 
time on our phones, watches, and television. It also enables data net-
works to share information in perfect synchronization around the world 
enabling global banking transactions. Power stations use the precise 
timing signals to deliver efficient transmission and distribution through 
the grid to avoid power blackouts.

Further applications for PNT could include: traffic management 
to optimize bus routes and reduce journey times, the planning of road 
building, and monitoring the movement of infrastructure such as bridg-
es and buildings to enable preventative action to be taken should it be 
required.
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CASE STUDIES ON USE of SATELLITES 
A large number of case studies can be found which highlight the 

many benefits provided by operational satellite based services. The case 
studies have been provided by an organization called Eurisy. Eurisy is 
an international association created 25 years ago to raise awareness of 
emerging satellite applications which can help professional communi-
ties. Eurisy supports potential end users of satellite applications with 
a wide network of expertise and experience and helps decision mak-
ers overcome possible obstacles to the diffusion of space-derived inno-
vation. Eurisy is funded by its members, which include the UK Space 
Agency. 

•	 Mersey Care NHS trust: optimizing health services for the dis-
abled

•	 Countryside Council for Wales: updating the habitat map using 
satellite imagery

•	 Lewisham Borough Council: promoting local assets and public 
health

•	 London Air TEXT: a public health advice programmer
•	 Scotland: closing the gap in broadband coverage in remote areas
•	 Alderney airport, in the Channel Islands: using EGNOS to en-

hance operational safety and ensure continuity of robust vital 
links

•	 The Environment Agency: using satellite imagery to target recov-
ery measures in flooded areas
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5.1. Intelsat Series
INTELESAT known as International Telecommunications Satellite 

Organization (INTELSAT), it was from 1964 to 2001 an intergovern-
mental consortium owning and managing a constellation of communi-
cations satellites providing international broadcast services. As of March 
2011, Intelsat operates a fleet of 52 communications satellites, which is 
one of the world’s largest fleet of commercial satellites.

The Inter-Governmental Organization (IGO) began on 20 August, 
1964, with 11 participating countries. On 6 April, 1965, Intelsat’s first sat-
ellite, the Intelsat I (nicknamed Early Bird), was placed in geostationary 
orbit above the Atlantic Ocean by a Delta D rocket.

In 1973, the name was changed and there were 80 signatories. Intel-
sat provides service to over 600 Earth stations in more than 149 coun-
tries, territories and dependencies. By 2001, INTELSAT had over 100 
members. It was also this year that INTELSAT privatized and changed 
its name to Intelsat.

Since its inception, Intelsat has used several versions (blocks) of its 
dedicated Intelsat satellites. INTELSAT completes each block of space-
craft independently, leading to a variety of contractors over the years. 
Intelsat’s largest spacecraft supplier is Space Systems/Loral, having 
built 31 spacecraft (as of 2003), or nearly half of the fleet.

Current Operation
Intelsat maintains its corporate headquarters in Luxembourg, with 

a majority of staff and satellite functions — administrative headquarters 
— located at the Intelsat Corporation offices in Washington, DC. In 2012, 
Intelsat announced that they would relocate their US headquarters from 
Washington to nearby Tysons Corner, Virginia by mid-2014.[10] A highly 
international business, Intelsat sources the majority of its revenue from 
non-U.S. located customers. Intelsat’s biggest teleport is the Teleport 
Fuchsstadt in Germany.

Spacecraft operations are controlled through ground stations in Hag-
erstown, Maryland (USA), Riverside, California (USA), and Fuchsstadt, 
Germany.
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Satellites

Satellite Launch 
(UTC) 

Rocket Launch 
Site

Longitude Fate Out of 
Service

Remarks

Main series

First Generation

Intelsat I F-1 1965-04-06 
23:47:50

Delta 
D

Canaveral 
LC-17A

28°W Retired First commercial 
geosynchronous 
satellite

Intelsat I F-2 Not launched

Second generation

Intelsat 
II F-1

1966-10-
26 

23:05:00

Delta 
E1

Canaveral LC-17B N/A Retired Apogee motor 
failed, satellite 
operated from 
transfer orbit]

Intelsat 
II F-2

1967-01-
11 

10:55:00

Delta 
E1

Canaveral LC-17B Retired

Intelsat 
II F-3

1967-03-
23 

01:30:12

Delta 
E1

Canaveral LC-17B Retired

Intelsat 
II F-4

1967-09-
28 

00:45:00

Delta 
E1

Canaveral LC-17B Retired

Third generation

Intelsat 
III F-1

1968-
09-19 
00:09:00

Delta 
M

Canaveral 
LC-17A

Failed Delta control failure. Vehicle 
began breaking up at T+102 
seconds followed by RSO 
destruct T+108 seconds.

Intelsat 
III F-2

1968-
12-19 
00:32:00

Delta 
M

Canaveral 
LC-17A

Failed Operated for one and a half 
years]
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Intelsat 
III F-3

1969-
02-06 
00:39:00

Delta 
M

Canaveral 
LC-17A

Retired Operated for seven years]

Intelsat 
III F-4

1969-
06-22 
02:00:00

Delta 
M

Canaveral 
LC-17A

Failed Operated for three years

Intelsat 
III F-5

1969-
07-26 
02:06:00

Delta 
M

Canaveral 
LC-17A

Failed Launch failure, third stage 
malfunction

Intelsat 
III F-6

1970-
01-15 
00:16:03

Delta 
M

Canaveral 
LC-17A

Failed Operated for two years

Intelsat 
III F-7

1970-
04-23 
00:46:12

Delta 
M

Canaveral 
LC-17A

Retired Operated for sixteen years

Intelsat 
III F-8

1970-
07-23 
23:23:00

Delta 
M

Canaveral 
LC-17A

Failed                       Apogee motor 
failed

 

Fourth Generation

Block 1

Intelsat 
IV F-1

1975-
05-21 
22:04:00

Atlas 
SLV-3D 
Centaur-
D1A

Canaveral 
LC-36A

Retired

Intelsat 
IV F-2

1971-
01-26 
00:36:03

Atlas 
SLV-3C 
Centaur-D

Canaveral 
LC-36A

Retired

Intelsat 
IV F-3

1971-
12-20 
01:10:04

Atlas 
SLV-3C 
Centaur-D

Canaveral 
LC-36A

Retired

Intelsat 
IV F-4

1972-
01-23 
00:12:04

Atlas 
SLV-3C 
Centaur-D

Canaveral 
LC-36B

Retired
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Intelsat 
IV F-5

1972-
06-13 
21:53:04

Atlas 
SLV-3C 
Centaur-D

Canaveral 
LC-36B

Retired

Intelsat 
IV F-6

1975-
02-20 
23:35:00

Atlas 
SLV-3D 
Centaur-
D1A

Canaveral 
LC-36A

Failed Launch failure. Improper 
separation of a lanyard 
during booster jettison 
caused the Atlas’s guidance 
computer to reset itself. 
Control of the booster was 
gradually lost. RSO T+403 
seconds.

Intelsat 
IV F-7

1973-
08-23 
22:57:02

Atlas 
SLV-3D 
Centaur-
D1A

Canaveral 
LC-36A

Retired

Intelsat 
IV F-8

1974-
11-21 
23:43:59

Atlas 
SLV-3D 
Centaur-
D1A

Canaveral 
LC-36B

Retired

Block 2

Intelsat 
IVA F-1

1975-09-
26 
00:17:00

Atlas 
SLV-3D 
Centaur-
D1AR

Canaveral 
LC-36B

Retired

Intelsat 
IVA F-2

1976-01-
29 
23:56

Atlas 
SLV-3D 
Centaur-
D1AR

Canaveral 
LC-36B

Retired

Intelsat 
IVA F-3

1978-01-
07 
00:15:00

Atlas 
SLV-3D 
Centaur-
D1AR

Canaveral 
LC-36B

Retired

Intelsat 
IVA F-4

1977-05-
26 
21:47:01

Atlas 
SLV-3D 
Centaur-
D1AR

Canaveral 
LC-36A

Retired
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Intelsat 
IVA F-5

1977-09-
30 
01:02:59

Atlas 
SLV-3D 
Centaur-
D1AR

Canaveral 
LC-36A

Failed Launch failure. Gas 
generator leak caused a 
fire in the Atlas’s engine 
compartment leading to 
loss of control starting at 
T+30 seconds. Payload 
fairing and satellite were 
stripped away, followed 
by vehicle breakup at T+55 
seconds. The Centaur was 
ejected from the exploding 
booster intact and the 
destruct command was 
sent to it a few seconds 
later.

Intelsat 
IVA F-6

1978-03-
31 
23:36:01

Atlas 
SLV-3D 
Centaur-
D1AR

Canaveral 
LC-36B

Retired

Fifth generation

Block 1

Intelsat 
V F-1

1981-05-
23 
22:42

Atlas SLV-3D 
Centaur-D1AR

Canaveral 
LC-36B

Retired [citation needed]

Intelsat 
V F-2

1980-12-
06 
23:31

Atlas SLV-3D 
Centaur-D1AR

Canaveral 
LC-36B

Retired

Intelsat 
V F-3

1981-12-
15 
23:35

Atlas SLV-3D 
Centaur-D1AR

Canaveral 
LC-36B

Retired

Intelsat 
V F-4

1982-03-
05 
00:23

Atlas SLV-3D 
Centaur-D1AR

Canaveral 
LC-36A

Retired
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Intelsat 
V F-5

1982-09-
28 
23:17

Atlas SLV-3D 
Centaur-D1AR

Canaveral 
LC-36B

Retired

Intelsat 
V F-6

1983-05-
19 
22:26

Atlas SLV-3D 
Centaur-D1AR

Canaveral 
LC-36A

Retired

Intelsat 
V F-7

1983-10-
19 
00:45:36

Ariane 1 Kourou 
ELA-1

Retired

Intelsat 
V F-8

1984-03-
05 
00:50:03

Ariane 1 Kourou 
ELA-1

Retired

Intelsat 
V F-9

1984-06-
09 
23:03

Atlas G 
Centaur-D1AR

Canaveral 
LC-36B

Failed Launch failure. Centaur 
broke up in orbit, 
making it impossible 
for the satellite to attain 
its intended altitude.

Block 2

Intelsat VA 
F-10

1985-
03-22 
23:55

Atlas G 
Centaur-D1AR

Canaveral 
LC-36B

Retired

Intelsat VA 
F-11

1985-
06-30 
00:44

Atlas G 
Centaur-D1AR

Canaveral 
LC-36B

Retired

Intelsat VA 
F-12

1985-
09-28 
23:17

Atlas G 
Centaur-D1AR

Canaveral 
LC-36B

Retired

Intelsat VA 
F-13

1988-
05-17 
23:58:00

Ariane 2 Kourou 
ELA-1

Sold To New Skies as 
NSS-513

Intelsat VA 
F-14

1986-
05-31 
00:53:03

Ariane 2 Kourou 
ELA-1

Failed Launch failure, 
third stage failed 
to ignite
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Intelsat VA 
F-15

1989-
01-27 
01:21:00

Ariane 2 Kourou 
ELA-1

Sold To Columbia 
Communications 
Corporation as 
Columbia 515

Sixth generation

Intelsat 
601

1991-10-
29 
23:08:08

Ariane 44L Kourou 
ELA-2

Sold 2007-
10

to Europe*Star, 
decommissioned 
in 2011

Intelsat 
602

1989-10-
17 
23:05:00

Ariane 44L Kourou 
ELA-2

Active

Intelsat 
603

1990-03-
14 
11:52

Commercial 
Titan III

Canaveral 
LC-40

Retired 2013-
01

Launch failure. 
Titan second stage 
failed to separate 
from the Centaur, 
leaving the Intelsat 
in LEO. Reboosted 
by Space 
Shuttle Endeavour 
on STS-49

Intelsat 
604

1990-06-
23 
11:19

Commercial 
Titan III

Canaveral 
LC-40

Retired 2006-
04-06

Intelsat 
605

1991-08-
14 
23:15:13

Ariane 44L Kourou 
ELA-2

Retired 2009-
01

Seventh generation

Intelsat 
701

1993-10-
22 
06:46:00

Ariane 
44LP

Kourou 
ELA-2

Retired
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Intelsat 
702

1994-06-
17 
07:07:19

Ariane 
44LP

Kourou 
ELA-2

Retired

Intelsat 
703

1994-10-
06 
06:35:02

Atlas 
IIAS

Canaveral 
LC-36B

Sold To New Skies as 
NSS-703

Intelsat 
704

1995-01-
10 
06:18

Atlas 
IIAS

Canaveral 
LC-36B

Retired

Intelsat 
705

1995-03-
22 
06:18

Atlas 
IIAS

Canaveral 
LC-36B

Retired 2011-
02-01

Intelsat 
706

1995-05-
17 
06:34:00

Ariane 
44LP

Kourou 
ELA-2

Retired

Intelsat 
707

1996-03-
14 
07:11:01

Ariane 
44LP

Kourou 
ELA-2

Retired

Intelsat 
708

1996-02-
14 
19:01

Long 
March 
3B

Xichang 
LA-2

Failed Launch failure, 
carrier rocket went 
out of control 
two seconds after 
launch

Intelsat 
709

1996-06-
15 
06:55:09

Ariane 
44LP

Kourou 
ELA-2

Retired

Eighth generation

Intelsat 
801

1997-03-
01 
01:07:42

Ariane 
44P

Kourou 
ELA-2

Intelsat 
802

1997-06-
25 
23:44:00

Ariane 
44P

Kourou 
ELA-2

33°E
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Intelsat 
803

1997-09-
23 
23:58

Ariane 
42L

Kourou 
ELA-2

Sold To New 
Skies as 
NSS-803, 
later NSS-5

Intelsat 
804

1997-12-
22 
00:16

Ariane 
42L

Kourou 
ELA-2

Failed 2005-01-
15

Intelsat 
805

1998-06-
18 
22:48

Atlas 
IIAS

Canaveral 
SLC-36A

Intelsat 
806

1998-02-
28 
00:21

Atlas 
IIAS

Canaveral 
SLC-36B

Sold To New 
Skies as 
NSS-806

Ninth generation

Intelsat 901 2001-06-09 
06:46

Ariane 44L Kourou ELA-2

Intelsat 902 2001-08-30 
06:46

Ariane 44L Kourou ELA-2

Intelsat 903 2002-03-30 
17:25:00

Proton-K/DM3 Baikonur Site 81/23

Intelsat 904 2002-02-23 
06:59

Ariane 44L Kourou ELA-2

Intelsat 905 2002-06-05 
06:44

Ariane 44L Kourou ELA-2

Intelsat 906 2002-09-06 
06:44

Ariane 44L Kourou ELA-2

Intelsat 907 2003-02-15 
07:00

Ariane 44L Kourou ELA-2

Tenth generation

Intelsat 10-01 Not launched

Intelsat 10-02 2004-06-16 
22:27:00

Proton-M/Briz-M Baikonur Site 200/39
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Later spacecraft

Intelsat 
1R

2000-11-
16 
01:07:07

Ariane 
44LP

Kourou 
ELA-2

ex PAS-1R of 
PanAmSat

Intelsat 
2

1994-07-
08 
23:05:32

Ariane 44L Kourou 
ELA-2

ex PAS-2 of 
PanAmSat

Intelsat 
3R

1996-01-
12 
23:10:00

Ariane 44L Kourou 
ELA-2

ex PAS-3R of 
PanAmSat

Intelsat 
4

1996-08-
03 
22:58:00

Ariane 42L Kourou 
ELA-2

ex PAS-4 of 
PanAmSat

Intelsat 
5

1997-08-
28 
00:33:30

Proton-K/
DM3

Baikonur 
Site 81/23

Leased ex PAS-5 of 
PanAmSat, 
leased to 
Arabsat as 
Arabsat 2C 
and Badr-C. 
Battery 
degradation 
reduced 
capacity by 
over 50%.

Intelsat 
6B

1998-12-
22 
01:08

Ariane 42L Kourou 
ELA-2

ex PAS-6 of 
PanAmSat, 
XIPS failed in 
2003

Intelsat 
7

1998-09-
16 
06:31

Ariane 
44LP

Kourou 
ELA-2

Active ex PAS-7 of 
PanAmSat, 
power system 
anomaly

Intelsat 
8

1998-11-
04 
05:12:00

Proton-K/
DM3

Baikonur 
Site 81/23

ex PAS-8 of 
PanAmSat
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Intelsat 
9

2000-07-
28 
22:42:00

Zenit-3SL Ocean 
Odyssey

ex PAS-9 of 
PanAmSat

Intelsat 
10

2001-05-
15 
01:11:30

Proton-K/
DM3

Baikonur 
Site 81/23

ex PAS-10 of 
PanAmSat

Intelsat 
11

2007-10-
05 
22:02

Ariane 
5GS

Kourou 
ELA-3

ex PAS-11 of 
PanAmSat

Intelsat 
12

2000-10-
29 
05:59

Ariane 
44LP

Kourou 
ELA-2

ex Europe*Star 
1 or Loral 
Skynet, PAS-12 
of PanAmSat

Intelsat 
14

2009-11-
23

Atlas V 
431

Canaveral 
SLC-41

Launched

Intelsat 
15

2009-11-
30

Zenit-
3SLB

Baikonur 
Site 45/1

Launched

Intelsat 
16

2010-02-
12

Proton-M/
Briz-M

Baikonur 
Site 200/39

Launched, ex 
PAS-11R of 
PanAmSat

Intelsat 
17

2010-11-
26

Ariane 
5ECA

Kourou 
ELA-3

Launched

Intelsat 
18

2011-10-
05

Zenit-
3SLB

Baikonur Launched

Intelsat 
19

2012-06-
01

Zenit-3SL Ocean 
Odyssey

Launched, 
second solar 
panel failed to 
deploy

Intelsat 
20

2012-08-
02

Ariane 
5ECA

Kourou 
ELA-3

68.5° E Launched

Intelsat 
21

2012-08-
19

Zenit-3SL Ocean 
Odyssey

58° W Launched

Intelsat 
22

2012-03-
25

Proton-M/
Briz-M

Baikonur Launched
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Intelsat 
23

2012-10-
14

Proton-M/
Briz-M

53° W Launched

Intelsat 
24

1996-05-
16

Ariane 44L Kourou 
ELA-2

47.3° W ex Amos-1 
of Spacecom, 
acquired in 
2009[5]

Intelsat 
25

2008-07-
07

Ariane 
5ECA

Kourou 
ELA-3

ex ProtoStar 1 
of ProtoStar, 
acquired 
in October 
2009[6]

Intelsat 
26

1997-02-
12

Atlas IIA Canaveral 
LC-36B

ex JCSat-R of 
JSAT, acquired 
in 2009, leased 
to Turksat[7]

Intelsat 
27

2013-02-
01 
06:56

Zenit-3SL Ocean 
Odyssey

Failed 55.5° W 
(planned)

Launch failure

Intelsat 
28

2011 Kourou ex New Dawn

Other satellites

Galaxy (Intelsat Americas)

Galaxy 
3C

2002-06-
15 
22:39:30

Zenit-3SL Ocean 
Odyssey

Active ex PAS-9, Galaxy 13 
of PanAmSat

Galaxy 
4R

2000-04-
19 
00:29

Ariane 
44L

Kourou 
ELA-2

Failed 2009-
04

XIPS malfunction

Galaxy 
9

1996-05-
24 
01:09:59

Delta II 
7925

Cape 
Canaveral 
LC-17B

Galaxy 
10R

2000-01-
25 
01:04

Ariane 
44L

Kourou 
ELA-2

Failed 2008-
05

XIPS malfunction



Prof. Dr. Hari Krishnan GOPAKUMAR & Prof. Dr. Ashok JAMMI

213

Galaxy 
11

1999-12-
22 
00:50

Ariane 
44L

Kourou 
ELA-2

Active Reduced power due 
to solar reflector 
fogging

Galaxy 
12

2003-04-
09 
22:52:19

Ariane 5G Kourou 
ELA-3

Active

Galaxy 
13

See Horizons-1]

Galaxy 
14

2005-08-
13 
23:28:26

Soyuz-
FG/Fregat

Baikonur Site 
31/6

Active ex Galaxy 5R

Galaxy 
15

2005-10-
13 
22:32

Ariane 
5GS

Kourou 
ELA-3

Out of 
control,[9] 
later fully 
active

ex Galaxy 1RR; 
Transmits WAAS

Galaxy 
16

2006-06-
18 
07:50

Zenit-3SL Ocean 
Odyssey

Active

Galaxy 
17

2007-05-
04 
22:29

Ariane 
5ECA

Kourou 
ELA-3

Active

Galaxy 
18

2008-05-
21 
09:43

Zenit-3SL Ocean 
Odyssey

Active

Galaxy 
19

2008-09-
24 
09:28

Zenit-3SL Ocean 
Odyssey

Active ex Intelsat Americas 
9

Galaxy 
23

2003-08-
08 
03:30:55

Zenit-3SL Ocean 
Odyssey

Active Part of EchoStar IX 
spacecraft. ex Telstar 
13 of Space Systems 
Loral, Intelsat 
Americas 13

Galaxy 
25

1997-05-
24 
17:00:00

Proton-K/
DM4

Baikonur Site 
81/23

Active ex Telstar 5 of Space 
Systems Loral, 
Intelsat Americas 5
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Galaxy 
26

1999-02-
15 
05:12:00

Proton-K/
DM3

Baikonur Site 
81/23

Active ex Telstar 6 of Space 
Systems Loral, 
Intelsat Americas 6

Galaxy 
27

1999-09-
25 
06:29

Ariane 
44LP

Kourou 
ELA-2

Active ex Telstar 7 of Space 
Systems Loral, 
Intelsat Americas 7

Galaxy 
28

2005-06-
23 
14:03:00

Zenit-3SL Ocean 
Odyssey

Active ex Telstar 8 of Space 
Systems Loral, 
Intelsat Americas 8

Horizons

Horizons satellites are operated by Horizons Satellite LLC, a joint subsidiary of Intelsat and JSAT 

Corporation

Horizons-1 2003-10-01 
04:02:59

Zenit-3SL Ocean Odyssey 127°W Active Also designated 
Galaxy 13

Horizons-2 2007-12-21 
21:41:55

Ariane 5GS Kourou ELA-3 74°W Active

Intelsat APR

Intelsat APR designations are given to leased capacity on satellites which are not owned by Intelsat

Intelsat APR-1 1998-07-18 
09:20

Long 
March 3B

Xichang LA-2 Active Leased capacity on 
Sinosat-1

Intelsat APR-2 1999-04-02 
22:03

Ariane 42P Kourou ELA-2 Active Leased capacity on 
INSAT-2E

Intelsat APR-3 See Intelsat K-TV

Intelsat K

Intelsat 
K

1992-06-10 
00:00

Atlas 
IIA

Canaveral LC-36B Sold ex Satcom K4 of GE Americom, 
to New Skies as NSS-K

Intelsat 
K-TV

Not launched, to New Skies as NSS-K-TV, NSS-6, to Sinosat as Sinosat-1B with 
transponders for lease back to Intelsat as APR-3, to HellasSat as HellasSat 2 before launch 

in 2003

Other
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Marisat-F2 1976-10-14 Delta 2914 Canaveral 
LC-17A

Retired 2008-10-29 Ex Inmarsat, 
Hughes, 
Lockheed

SBS-6 1990-10-12 
22:58:18

Ariane 44L Kourou 
ELA-2

Retired 2009-02[10] ex Satellite 
Business Systems

INTELSAT Stands for International Telecommunications 
Satellite
The organization was created in 1964 and currently has over 140 

member countries and more than 40 invest ingentities (seehttp://www.
intelsat.com/for more details). Starting with the Early Bird satellite in 
1965, a succession of satellites has been launched at intervals of a few 
years. Figure 1.1 illustrates the evolution of some of the INTELSAT sat-
ellites. As the figure shows, the capacity, in terms of number of voice 
channels, increased dramatically with each succeeding launch, as well as 
the design lifetime. These satellites are in geostationary orbit, meaning 
that they appear to be stationary in relation to the earth. At this point it 
may be noted that geostationary satellites orbit in the earth’s equatorial 
plane and their position is specified by their longitude. For international 
traffic, INTELSAT covers three main regions—the Atlantic Ocean Re-
gion (AOR), the Indian Ocean Region (IOR), and the Pacific Ocean Re-
gion (POR) and what is termed Intelsat America’s Region. For the ocean 
regions the satellites are positioned in geostationary orbit above the par-
ticular ocean, where they provide a transoceanic telecommunications 
route. For example, INTELSAT satellite 905 is positioned at 335.5° east 
longitude. The INTELSAT VII-VII/A series was launched over a period 
from October 1993 to June 1996. The construction is similar to that for the 
V and VA/VB series, shown in Fig. in that the VII series has solar sails 
rather than a cylindrical body. The VII series was planned for service in 
the POR and also for some of the less demanding services in the AOR. 
The antenna beam coverage is appropriate for that of the POR. 

The lifetime of these satellites ranges from 10 to 15 years depending 
on the launch vehicle. Recent figures from the INTELSAT Web site give 
the capacity for the INTELSAT VII as 18,000 two-way telephone circuits 
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and three TV channels; up to 90,000 two-way telephone circuits can be 
achieved with the use of “digital circuit multiplication.”

The INTELSAT VII/A has a capacity of 22,500 two-way telephone 
circuits and three TV channels; up to 112,500 two-way telephone circuits 
can be achieved with the use of digital circuit multiplication. As of May 
1999, four satellites were in service over the AOR, one in the IOR, and 
two in the POR.

Figure 5.2. Region of globe.
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Figure 5.3. INTELSAT Series.

The INTELSAT VIII-VII/A series of satellites was launched over the 
period February 1997 to June 1998. Satellites in this series have similar 
capacity as the VII/A series, and the lifetime is 14 to 17 years. It is stan-
dard practice to have a spare satellite in orbit on high-reliability routes 
and to have a ground spare incase of launch failure.

Thus the cost for large international schemes can be high; for exam-
ple, series IX, described later, represents a total investment of approxi-
mately $1 billion.

5.2. INSAT
INSAT-Indian National Satellite System is a series of multipurpose 

geo-stationary satellites launched by ISRO to satisfy the telecommuni-
cations, broadcasting, meteorology, and search and rescue operations, 
commissioned in 1983, INSAT is the largest domestic communication 
system in the Asia Pacific Region. It is a joint venture of the Department 
of Space, Department of Telecommunications, India Meteorological De-
partment, All India Radio and Doordarshan. The overall coordination 
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and management of INSAT system rests with the Secretary-level INSAT 
Coordination Committee.

INSAT satellites provide transponders in various bands (C, S, Ex-
tended C and Ku) to serve the television and communication needs of 
India. Some of the satellites also have the Very High Resolution Radiom-
eter (VHRR), CCD cameras for metrological imaging.

The satellites also incorporate transponder(s) for receiving distress 
alert signals for search and rescue missions in the South Asian and Indi-
an Ocean Region, as ISRO is a member of the Cospas-Sarsat programme.

5.2.1. INSAT System
The Indian National Satellite (INSAT) System Was Commissioned 

with The Launch of INSAT- 1B in August 1983 (INSAT-1A, The First 
Satellite Was Launched In April 1982 but could not fulfil the mission).

INSAT System ushered in a revolution in India’s Television and Ra-
dio Broadcasting, Telecommunications and Meteorological Sectors. It 
Enabled the Rapid Expansion of TV and Modern Telecommunication 
Facilities To Even The Remote Areas And Off-Shore Islands.

5.2.2. Satellites in Service
Of The 24 Satellites Launched In The Course Of The INSAT Pro-

gram, 10 Are Still In Operation.INSAT-2E Is The Last Of The Five Satel-
lites In INSAT-2 Series {Prateek}. It Carries Seventeen C-Band and Low-
er Extended C-Band Transponders Providing Zonal and Global Cover-
age with An Effective Isotropic Radiated Power (EIRP) Of 36 Dbw. It 
Also Carries A Very High Resolution Radiometer (VHRR) With Imaging 
Capacity In The Visible (0.55-0.75 µm), Thermal Infrared (10.5-12.5 µm) 
And Water Vapour (5.7-7.1 µm) Channels And Provides 2x2 Km, 8x8 
Km And 8x8 Km Ground Resolution Respectively.

INSAT- 3A
The Multipurpose Satellite, INSAT-3A, Was Launched By Ariane In 

April 2003. It Is Located At 93.5 Degree East Longitude. The Payloads On 
INSAT-3A Are As Follows: 12 Normal C -Band Transponders (9 Chan-
nels Provide Expanded Coverage From Middle East To South East Asia 
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With An EIRP Of 38 Dbw, 3 Channels Provide India Coverage With An 
EIRP Of 36 dBw And 6 Extended C-Band Transponders Provide India 
Coverage With An EIRP Of 36 dBw).A CCD Camera Provides 1x1 Km 
ground resolution, In the Visible (0.63-0.69 µm), near infrared (0.77-0.86 
µm) and shortwave infrared (1.55-1.70 µm) Bands.

INSAT-3D

Launched in July 2013, INSAT-3D Is Positioned at 82 Degree East 
Longitude. INSAT -3D Payloads Include Imager, Sounder, Data Relay 
Transponder and Search & Rescue Transponder. All the Transponders 
Provide Coverage over Large Part of the Indian Ocean Region Covering 
India, Bangladesh, Bhutan, Maldives, Nepal, Seychelles, Sri Lanka and 
Tanzania For Rendering Distress Alert Services

INSAT-3E

Launched in September 2003, INSAT -3E Is Positioned At 55 Degree 
East Longitude And Carries 24 Normal C-Band Transponders Provide 
An Edge Of Coverage EIRP Of 37 dbw Over India And 12 Extended 
C-Band Transponders Provide An Edge Of Coverage EIRP Of 38 dbw 
Over India.

KALPANA-1

KALPANA-1 Is an Exclusive Meteorological Satellite Launched by 
PSLV in September 2002. It Carries Very High Resolution Radiometer 
and DRT Payloads to Provide Meteorological Services. It Is Located at 
74 Degree East Longitude. Its First Name Was METSAT. It Was Later 
Renamed as KALPANA-1 To Commemorate Kalpana Chawla.

GSAT-2

Launched by The Second Flight of GSLV in May 2003, GSAT-2 Is 
Located At 48 Degree East Longitude And Carries Four Normal C-Band 
Transponders To Provide 36 Dbw EIRP With India Coverage, Two Ku 
Band Transponders With 42 Dbw EIRP Over India And An MSS Pay-
load Similar To Those On INSAT-3B And INSAT-3C.



AN ELEMENTARY APPROACH TOWARDS SATELLITE COMMUNICATION

220

INSAT-4A is positioned at 83-degree East longitude along with IN-
SAT-2E and INSAT-3B. It carries 12 Ku band 36 MHz bandwidth tran-
sponders employing 140 W TWTAs to provide an EIRP of 52 dBW at the 
edge of coverage polygon with footprint covering Indian main land and 
12 C- band 36 MHz bandwidth transponders provide an EIRP of 39 dBW 
at the edge of coverage with expanded radiation patterns encompass-
ing Indian geographical boundary, area beyond India in southeast and 
northwest regions. Tata Sky, a joint venture between the TATA Group 
and STAR uses INSAT-4A for distributing their DTH service.

INSAT Series

Figure 5.4. INSAT 4A

Fixed Satellite Service Earth Stations 
FSS earth stations use the C band, and the lower portions of the Ku 

bands. They are normally used for broadcast feeds to and from televi-
sion networks and local affiliate stations as well as being used for dis-
tance learning by schools and universities, business television (BTV), 
Videoconferencing, and general commercial telecommunications. FSS 
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satellites are also used to distribute national cable channels to cable tele-
vision head ends. Free-to-air satellite TV channels are also usually dis-
tributed on FSS satellites in the Ku band. 

In connection with the terrestrial networks, the traffic originating 
from these networks have to be reformatted according to the satellite 
network. This function is performed by an interface at the earth station, 
the configuration of which depends upon the type of traffic. Traffic sig-
nals may be available as frequency division multiplexed (FDM) analog 
telephony channels or time division multiplexed (TDM) streams with 
data or digitized telephony channels. Then traffic signals are demulti-
plexed at the earth station and rearranged on the basis of destination. A 
similar procedure is performed at the receiver’s end.

VSAT (Very Small Aperture Terminal)

A very small aperture terminal (VSAT) is a two-way satellite 
ground station or a stabilized maritime VSAT antenna with a dish anten-
na that is smaller than 3 meters. The majority of VSAT antennas range 
from 75 cm to 1.2 m. Data rates range from 4 kbit/s up to 4 Mbit/s; some 
upgraded modules can even reach a max downlink of up to 16 Mbit/s. 
VSATs access satellites in geosynchronous orbit to relay data from small 
remote earth stations (terminals) to other terminals (in mesh topology) 
or master earth station “hubs” (in star topology).

VSATs are used to transmit narrowband data (e.g., point-of-sale 
transactions using credit cards, polling or RFID data, or SCADA), or 
broadband data (for the provision of satellite Internet access to remote 
locations, VoIP or video). VSATs are also used for transportable, on-the-
move (utilizing phased array antennas) or mobile maritime communi-
cations.

The first commercial VSATs were C band (6 GHz) receive-only sys-
tems by Equatorial Communications using spread spectrum technology. 
More than 30,000 60 cm antenna systems were sold in the early 1980s. 
Equatorial later developed a C band (4/6 GHz) two-way system using 1 
m x 0.5 m antennas and sold about 10,000 units in 1984–85.
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In 1985, Schlumberger Oilfield Research co-developed the world’s 
first Ku band (12–14 GHz) VSATs with Hughes Communications to pro-
vide network connectivity for oil field drilling and exploration units. 
Hughes Communications went on to develop Ku band VSATs for enter-
prise customers such as WalMart, Holiday Inn, Chrysler, and General 
Motors. These enterprise terminals made up the vast majority of sites 
for the next 20 years for two-way data or telephony applications. A large 
VSAT network, with more than 12,000 sites, was deployed by Space net 
and MCI for the U.S. Postal Service in the 1980s. Today, the largest VSAT 
Ku band network containing over 100,000 VSATs was deployed by and 
is operated by Hughes Communications for lottery applications.

In 2007, Hughes Communications started deploying Ka band VSAT 
sites for consumer’s under its Hughes Net brand on the Space way 3 
satellite and later in 2012 on its EchoStar XXVII/Jupiter 1 satellite. By 
September 2014, Hughes became the first Satellite Internet Provider to 
surpass one million active terminals. 

Configurations
Most VSAT networks are configured in one of these topologies:
•	 A star topology, using a central uplink site, such as a network 

operations center (NOC), to transport data back and forth to each 
VSAT terminal via satellite,

•	 A mesh topology, where each VSAT terminal relays data via sat-
ellite to another terminal by acting as a hub, minimizing the need 
for a centralized uplink site,

•	 A combination of both star and mesh topologies. Some VSAT net-
works are configured by having several centralized uplink sites 
(and VSAT terminals stemming from it) connected in a multi-star 
topology with each star (and each terminal in each star) connect-
ed to each other in a mesh topology. Others configured in only a 
single-star topology sometimes will have each terminal connect-
ed to each other as well, resulting in each terminal acting as a cen-
tral hub. These configurations are utilized to minimize the overall 
cost of the network, and to alleviate the amount of data that has 
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to be relayed through a central uplink site (or sites) of a star or 
multi-star network.

Fixed Satellite Service Earth Station uses VSAT is an abbreviation 
for a Very Small Aperture Terminal. It is basically a two-way satellite 
ground station with a less than 3 meters tall (most of them are about 0.75 
m to 1.2 m tall) dish antenna stationed. The transmission rates of VSATs 
are usually from very low and up to 4 Mbit/s. These VSATs primary 
job is accessing the satellites in the geosynchronous orbit and relaying 
data from terminals in earth to other terminals and hubs. 

They will often transmit narrowband data, such as the transactions 
of credit cards, polling, RFID (radio frequency identification) data, and 
SCADA (Supervisory Control and Data Acquisition), or broadband 
data, such as satellite Internet, VoIP, and videos. However, the VSAT 
technology is also used for various types of communications. 

Equatorial Communications first used the spread spectrum technol-
ogy to commercialize the VSATs, which were at the time C band (6 GHz) 
receive only systems. This commercialization led to over 30,000 sales of 
the 60 cm antenna systems in the early 1980s. Equatorial Communica-
tions sold about 10,000 more units from 1984 to 1985 by developing a C 
band (4 and 6 GHz) two-way system with 1 m x 0.5 m dimensions. 

5.2. VSAT network
The basic structure of a VSAT network consists of a hub station 

which provides a broadcast facility to all the VSATs in the network and 
the VSATs themselves which access the satellite in some form of multi-
ple- access mode. The hub station is operated by the service provider, 
and it may be shared among a number of users, but of course, each user 
organization has exclusive access to its own VSAT network.

Time division multiplex is the normal downlink mode of transmis-
sion from hub to the VSATs, and the transmission can be broadcast for 
reception by all the VSATs in a network, or address coding can be used 
to direct messages to selected VSATs.

A form of demand assigned multiple access (DAMA) is employed in 
some systems in which channel capacity is assigned in response to the 
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fluctuating demands of the VSATs in the network. Most VSAT systems 
operate in the Ku band, although there are some C-band systems in ex-
istence.

Figure 5.5. VSAT Block Diagrams.

Characteristics of VSAT Satellite Communication 
VSAT satellite communication system has very evident characteris-

tics, which mainly includes the following aspects:
1 Ground (remote) station antenna has small diameter which is gen-

erally 2 meters below. Now it mostly adopts 1.2~1.8m diameter. Climb-
ers sometimes use flyaway personal earth station with 0.3m diameter.



Prof. Dr. Hari Krishnan GOPAKUMAR & Prof. Dr. Ashok JAMMI

225

1 Transmission power is low which is generally between 1 and 3w.
2 Weight is light. It is always dozens of kilograms and some are a 

few kilograms. And they are easy to carry. 
3 Price is low and it is economical and practical. This system has 

low price and its economic efficiency is greater than equipment 
price. 

4 Construction cycle is short. It is simpler than traditional ground 
communication means. Cable and optical cable are not needed 
to set up. It doesn’t need a relay station setting up every 50km, 
unlike microwave communication. In VSAT satellite communica-
tion system, just install necessary device at both ends of commu-
nication and equipment assembly is simpler.

5 Communication cost is irreverent to communication cost. As for 
common communication system, the longer the distance is, the 
higher is the cost. But VSAT satellite communication is not relat-
ed to distance. The longer the distance is, the more adaptable is 
VSAT communication.

6 VSAT satellite communication is not affected by terrain and cli-
mate because it is not needed to set up ground facilities and it is 
little interfered by ground.

7 The biggest advantage of VSAT satellite communication technol-
ogy is flexible in network combination, convenient maintenance 
and easy to expand, for it doesn’t have complex ground equip-
ment. 

Applications of VSAT Satellite Technology
VSAT station can easily make up flexible and economical network 

system of different scale, different rate, and different application. A 
VSAT network can contain 200~500 small stations, which has a wide 
range of application including broadcast type, point-to point type, two-
way interactive type and collection type. It can be applied not only in 
developed countries, but also in less technologically advanced countries 
and undeveloped countries, especially in remote areas of complex ter-
rain, less population and inconvenient lines. It can be equipped directly 
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to the individual, so it has important significance for the military. Gen-
erally, VSAT.

Technology can be applied in the following aspects.
1.  It can be applied for popularizing satellite television broadcast 

and satellite television, and transmitting signal of broadcast tele-
vision and business television. This application mode has a vital 
role in both the material and spiritual civilization for remote ar-
eas in our country. 

2.  It can be applied for financial system and securities system to 
dynamically track and manage market situation, which greatly 
shortens cash conversion cycle. 

3. It can be applied for water conservancy to manage and hydro-
logical change in order to prevent and reduce natural disaster. 
VSAT system can timely transmit the information obtained by 
meteorological satellite, maritime satellite, resource satellite and 
ground detection station. 

4. It can be applied for transportation system. Oversea developed 
countries use it on railway operation and dispatching, which 
greatly ease transport tense. 

5. It can be applied for military. In Gulf war in 1999, the internation-
al military used VSAT for a large amount of mobile communica-
tion and equipped it to each soldier. 

6. It can be applied for emergency communication and communi-
cation in remote areas. VSAT is the most convenient emergency 
communication backup system for natural disaster or emergency 
incident. 

Implementations of VSAT 
Currently, the largest VSAT network consists of over 12,000 sites and 

is administered by Spacenet and MCI for the US Postal Service. Many 
huge car corporations such as Ford and General Motors also utilizes the 
VSAT technology, such as transmitting and receiving sales figures and 
orders, along with announcing international communications, service 
bulletins, and for distance learning courses. 
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Two-way satellite Internet providers also use the VSAT technology. 
Many broadband services around the world in rural areas where high 
speed Internet connections cannot be provided use VSAT. 

VSAT’s Strengths 
VSAT technology has many advantages, which is the reason why 

it is used so widely today. One is availability. The service can basically 
be deployed anywhere around the world. Also, the VSAT is diverse in 
that it offers a completely independent wireless link from the local in-
frastructure, which is a good backup for potential disasters. Its deploy 
ability is also quite amazing as the VSAT services can be setup in a mat-
ter of minutes. 

The strength and the speed of the VSAT connection being homog-
enous anywhere within the boundaries is also a big plus. Not to forget, 
the connection is quite secure as they ar private layer-2 networks over 
the air. The pricing is also affordable, as the networks they do not have 
to pay a lot, as the broadcast download scheme allows them to serve the 
same content to thousands of locations at once without any additional 
costs. Last but not least, most of the VSAT systems today use onboard 
acceleration of protocols (eg. TCP, HTTP), which allows them to deliv-
ery high quality connections regardless of the latency. 

VSAT’s Drawbacks 
As the VSAT technology utilizes the satellites in geosynchronous 

orbit, it takes a minimum latency of about 500 milliseconds every trip 
around. Therefore, it is not the ideal technology to use with protocols that 
require a constant back and forth transmission, such as online games. 

Although VSAT is not as bad as one-way TV systems like DirecTV 
and DISH Network, the VSAT still can have a dim signal, as it still relies 
on the antenna size, the transmitter’s power, and the frequency band. 
Last but not least, although not that big of a concern, installation can be 
a problem as VSAT services require an outdoor antenna that has a clear 
view of the sky. An awkward roof, such as with skyscraper designs, can 
become problematic. 
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MOBILE SATELLITE SERVICES
Mobile satellite services (MSS) refer to networks of communications 

satellites intended for use with mobile and portable wireless telephones. 
There are three major types: AMSS (aeronautical MSS), LMSS (land 
MSS), and MMSS (maritime MSS).

A telephone connection using MSS is similar to a cellular telephone 
link, except the repeaters are in orbit around the earth, rather than on the 
surface. MSS repeaters can be placed on geostationary, medium earth or-
bit (MEO), or low earth orbit (LEO) satellites. Provided there are enough 
satellites in the system, and provided they are properly spaced around 
the globe, an MSS can link any two wireless telephone sets at any time, 
no matter where in the world they are located. MSS systems are inter-
connected with land-based cellular networks.

As an example of how MSS can work, consider telephones in com-
mercial airliners. These sets usually link into the standard cellular sys-
tem. This allows communication as long as the aircraft is on a line of 
sight with at least one land-based cellular repeater. Coverage is essen-
tially continuous over most developed countries. But coverage is spotty 
over less well-developed regions, and is nonexistent at most points over 
the oceans. Using an MSS network, the aircraft can establish a connec-
tion from any location, no matter how remote.

Figure 5.6. Mobile Satellite Services
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Mobile Satellite Service Earth Stations 
Satellites are well suited for a large area mobile communication. 

However, the practical constraints imposed on the design of mobile 
earth stations meant that the constraints are imposed on the design of 
mobile earth stations means that the introduction of this service had to 
wait until the technology matured to a stage where these constraints 
could overcome in a cost efficient manner. 

The main features in design optimization of an SS earth station 
are 
1) Limited mounting space implies that the antenna size on mobile 

is severely restricted. 
2) Minimization of the earth station cost is important for service up-

take specially for personal communications. 
3) Traffic flow through the earth station is low. 
4) For personal communication the size, cost and power consump-

tion approaches those of the cellular telephone, with a capability to oper-
ate with the part new terrestrial mobile system, with a capability to oper-
ate with a partner terrestrial mobile system. Transmitted power should 
conform to radiation safety standards. 

Satellite Television Receivers 
It is a television delivered by the means of communications satellite 

and received by an outdoor antenna, usually a parabolic mirror gen-
erally referred to as a satellite dish, and as far as household usage is 
concerned, a satellite receiver either in the form of an external set-top 
box or a satellite tuner module built into a TV set.  Satellite TV tuners are 
also available as a card or a USB stick to be attached to a personal com-
puter. In many areas of the world satellite television provides a wide 
range of channels and services, often to areas that are not serviced by 
terrestrial or cable providers. Direct broadcast satellite television comes 
to the general public in two distinct flavors - analog and digital. This 
necessitates either having an analog satellite receiver or a digital satellite 
receiver.  Analog satellite television is being replaced by digital satellite 
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television and the latter is becoming available in a better quality known 
as high-definition television. 

5.3. GSM
5.3.1. Services and Architecture
If your work involves (or is likely to involve) some form of wireless 

public communications, you are likely to encounter the GSM standards. 
Initially developed to support a standardized approach to digital cellu-
lar communications in Europe, the “Global System for Mobile Commu-
nications” (GSM) protocols are rapidly being adopted to the next gener-
ation of wireless telecommunications systems.

In the US, its main competition appears to be the cellular TDMA 
systems based on the IS-54 standards. Since the GSM systems consist of 
a wide range of components, standards, and protocols. The GSM and its 
companion standard DCS1800 (for the UK, where the 900 MHz frequen-
cies are not available for GSM) have been developed over the last decade 
to allow cellular communications systems to move beyond the limita-
tions posed by the older analog systems. Analog system capacities are 
being stressed with more users that can be effectively supported by the 
available frequency allocations. Compatibility between types of systems 
had been limited, if non-existent. By using digital encoding techniques, 
more users can share the same frequencies than had been available in the 
analog systems. As compared to the digital cellular systems in the US 
(CDMA [IS- 95] and TDMA [IS-54]), the GSM market has had impressive 
success. Estimates of the numbers of telephones run from 7.5 million 
GSM phones to .5 million IS54 phones to .3 million for IS95. GSM has 
gained in acceptance from its initial beginnings in Europe to other parts 
of the world including Australia, New Zealand, countries in the Middle 
East and the far east. Beyond its use in cellular frequencies (900 MHz for 
GSM, 1800 MHz for DCS1800), portions of the GSM signaling protocols 
are finding their way into the newly developing PCS and LEO Satellite 
communications systems. While the frequencies and link characteristics 
of these systems differ from the standard GSM air interface, all of these 
systems must deal with users roaming from one cell (or satellite beam) 
to another, and bridge services to public communication networks in-
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cluding the Public Switched Telephone Network (PSTN), and public 
data networks (PDN).

The GSM architecture includes several subsystems
The Mobile Station (MS) 
These digital telephones include vehicle, portable and hand-held 

terminals. A device called the Subscriber Identity Module (SIM) that is 
basically a smart-card provides custom information about users such as 
the services they’ve subscribed to and their identification in the network.

The Base Station Sub-System (BSS)
The BSS is the collection of devices that support the switching net-

works radio interface. Major components of the BSS include the Base 
Transceiver Station (BTS) that consists of the radio modems and antenna 
equipment. 

In OSI terms, the BTS provides the physical interface to the MS 
where the BSC is responsible for the link layer services to the MS. Log-
ically the transcoding equipment is in the BTS, however, an additional 
component.

The Network and Switching Sub-System (NSS) 
The NSS provides the switching between the GSM subsystem and 

external networks along with the databases used for additional subscrib-
er and mobility management. Major components in the NSS include the 
Mobile Services Switching Center (MSC), Home and Visiting Location 
Registers (HLR, VLR). The HLR and VLR databases are interconnected 
through the telecomm standard Signaling System 7 (SS7) control net-
work.

The Operation Sub -System (OSS) 
The OSS provides the support functions responsible for the manage-

ment of network maintenance and services. Components of the OSS are 
responsible for network operation and maintenance, mobile equipment 
management, and subscription management and charging.
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Figure 5.7. GSM Block Diagram.

Several Channels are Used in the Air Interface

FCCH - the frequency correction channel - provides frequency syn-
chronization information in a burst.

SCH - Synchronization Channel - shortly following the FCCH burst 
(8 bits later), provides a reference to all slots on a given frequency.

PAGCH - Paging and Access Grant Channel used for the transmis-
sion of paging information requesting the setup of a call to a MS. 

RACH - Random Access Channel - an inbound channel used by the 
MS to request connections from the ground network. Since this is used 
for the first access attempt by users of the network, a random access 
scheme is used to aid in avoiding collisions. 

CBCH - Cell Broadcast Channel - used for infrequent transmission 
of broadcasts by the ground network. 
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BCCH - Broadcast Control Channel - provides access status infor-
mation to the MS. The information provided on this channel is used by 
the MS to determine whether or not to request a transition to a new cell.

FACCH - Fast Associated Control Channel for the control of hando-
vers 

TCH/F - Traffic Channel, Full Rate for speech at 13 kbps or data at 
12, 6, or 3.6 kbps.

TCH/H - Traffic Channel, Half Rate for speech at 7 kbps, or data at 
6 or 3.6 kbps.

 Mobility Management 
One of the major features used in all classes of GSM networks (cel-

lular, PCS and Satellite) is the ability to support roaming users. Through 
the control signaling network, the MSCs interact to locate and connect to 
users throughout the network.

“Location Registers” are included in the MSC databases to assist in 
the role of determining how, and whether connections are to be made 
to roaming users. Each user of a GSM MS is assigned a Home Location 
Register (HLR) that is used to contain the user’s location and subscribed 
services.

Difficulties Facing the Operators can Include
a. Remote/Rural Areas. To service remote areas, it is often econom-

ically unfeasible to provide backhaul facilities (BTS to BSC) via terrestri-
al lines (fiber/microwave). 

b. Time to deploy. Terrestrial build-outs can take years to plan and 
implement. 

c. Areas of ‘minor’ interest. These can include small isolated centers 
such as tourist resorts, islands, mines, oil exploration sites, hydro-elec-
tric facilities. 

d. Temporary Coverage. Special events, even in urban areas, can 
overload the existing infrastructure. 
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GSM Service Security
GSM was designed with a moderate level of service security. GSM 

uses several cryptographic algorithms for security. The A5/1, A5/2, and 
A5/3 stream ciphers are used for ensuring over-the-air voice privacy.
GSM uses General Packet Radio Service (GPRS) for data transmissions 
like browsing the web. The most commonly deployed GPRS ciphers 
were publicly broken in 2011The researchers revealed flaws in the com-
monly used GEA/1.

5.3.2. Global Positioning System (GPS)
The Global Positioning System (GPS) is a satellite based navigation 

system that can be used to locate positions anywhere on earth. Designed 
and operated by the U.S. Department of Defense, it consists of satellites, 
control and monitor stations, and receivers. GPS receivers take informa-
tion transmitted from the satellites and uses triangulation to calculate a 
user’s exact location. GPS is used on incidents in a variety of ways, such 
as:

•	 To determine position locations; for example, you need to radio 
a helicopter pilot the coordinates of your position location so the 
pilot can pick you up. 

•	 To navigate from one location to another; for example, you need 
to travel from a lookout to the fire perimeter. 

•	 To create digitized maps; for example, you are assigned to plot 
the fire perimeter and hot spots. 

•	 To determine distance between two points or how far you are 
from another location.
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Figure 5.8. GPS Block Diagram.

The purpose of this chapter is to give a general overview of the Glob-
al Positioning System, not to teach proficiency in the use of a GPS receiv-
er. To become proficient with a specific GPS receiver, study the owner’s 
manual and practice using the receiver. The chapter starts with a general 
introduction on how the global positioning system works. Then it dis-
cusses some basics on using a GPS receiver.

THREE SEGMENTS of GPS
Space Segment — Satellites Orbiting the Earth
The space segment consists of 29 satellites circling the earth every 12 

hours at 12,000 miles in altitude. This high altitude allows the signals to 
cover a greater area. The satellites are arranged in their orbits so a GPS 
receiver on earth can receive a signal from at least four satellites at any 
given time. Each satellite contains several atomic clocks.

Control Segment — the Control and Monitoring Stations
The control segment tracks the satellites and then provides them 

with corrected orbital and time information. The control segment con-
sists of five unmanned monitor stations and one Master Control Station. 
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The five unmanned stations monitor GPS satellite signals and then send 
that information to the Master Control Station where anomalies are cor-
rected and sent back to the GPS satellites through ground antennas.

User Segment — The GPS receivers owned by civilians and 
military
The user segment consists of the users and their GPS receivers. The 

number of simultaneous users is limitless.

How GPS Determines a Position
The GPS receiver uses the following information to determine a po-

sition.

Precise Location of Satellites
When a GPS receiver is first turned on, it downloads orbit informa-

tion from all the satellites called an almanac. This process, the first time, 
can take as long as 12 minutes; but once this information is downloaded, 
it is stored in the receiver’s memory for future use.

Distance From Each Satellite
The GPS receiver calculates the distance from each satellite to the 

receiver by using the distance formula: distance = velocity x time. The 
receiver already knows the velocity, which is the speed of a radio wave 
or 186,000 miles per second (the speed of light).

Triangulation to Determine Position
The receiver determines position by using triangulation. When it re-

ceives signals from at least three satellites the receiver should be able to 
calculate its approximate position (a 2D position). The receiver needs at 
least four or more satellites to calculate a more accurate 3D position.

Using a GPS Receiver
There are several different models and types of GPS receivers. Refer 

to the owner’s manual for your GPS receiver and practice using it to 
become proficient.
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•	 When working on an incident with a GPS receiver it is important 
to: 

•	 Always have a compass and a map. 
•	 Have a GPS download cable. 
•	 Have extra batteries. 
•	 Know memory capacity of the GPS receiver to prevent loss of 

data, decrease in accuracy of data, or other problems. 
•	 Use an external antennae whenever possible, especially under 

tree canopy, in canyons, or while flying or driving. 
•	 Set up GPS receiver according to incident or agency standard reg-

ulation; coordinate system. 
•	 Take notes that describe what you are saving in the receiver. 

1.4. INMARSAT 
INMARSAT was established as an international cooperative orga-

nization similar to INTELSAT, for providing satellite communications 
for ships and offshore industries.   INMARSAT, a specialized agency of 
UN, was established in 1979 and became operational in 1982 as a mari-
time focused intergovernmental organization with headquarters located 
at London.  INMARSAT has forty-four members and also provides ser-
vices to nonmember countries.

Inmarsat constellation consists of 11 geostationary satellites as of 
2009, with additional satellites to be launched to evolve and enhance 
the available services. Inmarsat satellites carry services on their global, 
regional and narrow spot beams.

Inmarsat systems currently provide both circuit switched and packet 
switched Communications to users ranging from handheld mobile ter-
minals, personal terminals, semi-fixed terminals to vehicular terminals, 
providing connectivity in terrestrial, maritime and aeronautical environ-
ments. The circuit switched services provide voice, telex, fax, data (up 
to 64kbit/s) and Integrated Services Digital Network (ISDN) services 
whereas the packet switched services provide short burst data service 
and data connectivity up to 492 Kbit/s. The ground segment consists 
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of a number of land earth stations (LESs) providing the connection to 
the terrestrial communications network. Global and regional spot beam 
services consisting of voice, fax, telex, low speed data, data and ISDN are 
connected to the terrestrial networks through the LES network. 

Inmarsat is currently the only provider of MSS voice and data commu-
nications for the Global maritime distress and safety system (GMDSS) that 
is approved by the International Maritime Organization (IMO). Services 
for the GMDSS are provided by Inmarsat B, Inmarsat C, and Inmarsat 
Fleet 77. Services provided by Inmarsat or the GMDSS include voice, telex 
and data for distress, urgency and safety alerts and messaging, provision 
of maritime safety information e.g. navigation and weather warnings. In 
the context of emergencies and natural disasters, Inmarsat services can 
help both in the early warning stage and in dealing with the aftermath. 
Inmarsat terminals can easily be deployed to set up an early warning net-
work where the data observed by the monitoring sensors are transmitted 
to a central command centre, similar to the supervisory control and data 
acquisition (scada) applications. Inmarsat terminals also offer easy con-
nectivity in areas dealing with an emergency or the aftermath of natural 
disasters. Especially in areas where the local infrastructure is damaged, 
such systems can easily provide a viable substitute. 

INMARSAT has become a limited company since 1999. INMARSAT 
Ltd is a subsidiary of the INMARSAT Ventures plc holding company, 
which operates a constellation of geosynchronous satellites for world-
wide mobile communications. The satellites are controlled from IN-
MARSAT headquarters at London, which is also home to INMARSAT 
ventures and a small Intergovernmental office created to supervise the 
company’s public service duties for the maritime community i.e. Global 
Maritime Distress and Safety System and Air Traffic Control communi-
cations for the aviation industry.

Starting with a user base of about 900 ships in early 1980’s, the user 
base of INMARSAT grew to 210,000 ships, vehicles, aircrafts and por-
table terminals in 2001. INMARSAT Type A mobile terminals meant 
for installation in large ships are quite expensive, whereas, portable IN-
MARSAT mini-M terminals are small, cost effective and easy to operate. 
The services provided by INMARSAT include telephone, fax and data 
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communications up to 64 kbps. Other services include videotext, nav-
igation, weather information and Search & Rescue.  INMARSAT Sat-
ellites can also be used for emergency Land Mobile Communications 
for relief work and to re-establish communications or to provide basic 
service where there is no alternative.  INMARSAT can also be used to 
alert people on shore for coordination of rescue activities.   Apart from 
maritime and Land Mobile Satellite Service, INMARSAT also provide 
aeronautical satellite service for passenger communications.

INMARSAT system operates at C-band and L-band frequencies. The 
INMARSAT system uses allocations in the 6 GHz band for the ground 
station to satellite link, 1.5 GHz for satellite terminal downlink, 1.6 GHz 
for terminal to satellite uplink and 4 GHz for the satellite to ground sta-
tion down link.

Inmarsat was set up in 1979 by the International Maritime Organiza-
tion (IMO) to enable ships to stay in constant touch with shore or to call 
for help in an emergency, no matter how far out to sea.

Today our customers are found in many different sectors – but they 
are typically businesses and organizations that need to communicate 
where terrestrial telecom networks are unreliable or simply cannot reach.

Figure 5.9. Inmarsat-3 Satellite Locations Global Phones and Broadband 
Internet.
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As well as merchant shipping, our customers include governments, 
airlines, the broadcast media, the oil and gas industry, mining, construc-
tion, and humanitarian aid agencies – to name just a few. They connect 
to our fleet of 11 satellites using a range of equipment, including global 
handheld satellite phones and notebook-size broadband internet devic-
es, as well as specialist terminals and antennas fitted to ships, aircraft 
and road vehicles.

Market Leader in Mobile Satellite Services
Our business has grown strongly since 1999 when we became the 

first intergovernmental organization to transform into a private compa-
ny, later floating on the London Stock Exchange (LSE: ISAT.L) in 2005.

In fact, today Inmarsat plc is the market leader in the provision of 
mobile satellite services, with the largest portfolio of global satellite com-
munications solutions and value-added services on the market.

Five Market-Facing Business Units
Our global sales and marketing activities are operated through five 

market-facing business units:

•	 Inmarsat Maritime, focusing on worldwide commercial mari-
time opportunities

•	 Inmarsat U.S. Government, focusing on US government oppor-
tunities, both military and civil

•	 Inmarsat Global Government, focusing on worldwide (i.e. non-
US) civil and military government opportunities

•	 Inmarsat Enterprise, focusing on worldwide enterprise, energy, 
media and M2M opportunities.

•	 Inmarsat Aviation, focusing on in-flight voice, data, safety ser-
vices and cabin connectivity, for both business and commercial 
air transport.

With a presence in more than 60 locations across every continent, 
our world-class products, services and solutions and 24/7/365 customer 
support facilities are available directly from Inmarsat, or – for the major-
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ity of customers – via our worldwide network of independent Distribu-
tion Partners (DPs) and Service Providers (SPs).

Type Public company

Traded as LSE: ISAT

Industry Satellite communication

Founded 1979

Headquarters London, England, UK

Key people Andrew Sukawaty (Chairman); 
Rupert Pearce (CEO)

Revenue US$1,285.9 million (2014) 

Operating 
income

US$409.3 million (2014) 

Net income US$341.1 million (2014) 

Website www.inmarsat.com

Figure 5.10. Inmarsat-3 satellite.

MALAYSIA AIRLINES FLIGHT 370:

In March 2014, Malaysia Airlines Flight 370 disappeared with 239 
passengers and crew en route from Kuala Lumpur to Beijing. After turn-
ing away from its planned path and disappearing from radar coverage, 
the aircraft’s satellite data unit remained in contact with Inmarsat’s 
ground station in Perth via the IOR satellite. The aircraft used Inmarsat’s 
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Classic Aero service, which does not provide explicit information about 
the aircraft’s location. Analysis of these communications by Inmarsat 
and independently by other agencies determined that the aircraft flew 
into the southern Indian Ocean and was used to guide the search for the 
aircraft.

COVERAGE
There are three types of coverage related to each Inmarsat I-4 satellite.

Global Beam Coverage
Each satellite is equipped with a single global beam that covers up 

to one-third of the Earth’s surface, apart from the poles. Overall, global 
beam coverage extends from latitudes of −82 to +82 degrees regardless 
of longitude.

Regional Spot Beam Coverage
Each regional beam covers a fraction of the area covered by a global 

beam, but collectively all of the regional beams offer virtually the same 
coverage as the global beams. Use of regional beams allow user terminals 
(also called mobile earth stations) to operate with significantly smaller 
antennas. Regional beams were introduced with the I-3 satellites. Each 
I-3 satellite provides four to six spot beams; each I-4 satellite provides 19 
regional beams.

Narrow Spot Beam Coverage
Narrow beams are offered by the three Inmarsat-4 satellites. Narrow 

beams vary in size, tend to be several hundred kilometers across. The 
narrow beams, while much smaller than the global or regional beams, 
are far more numerous and hence offer the same global coverage. Nar-
row spot beams allow yet smaller antennas and much higher data rates. 
They form the backbone of Inmarsat’s handheld (GSPS) and broadband 
services (BGAN). This coverage was introduced with the I-4 satellites. 
Each I-4 satellite provides around 200 narrow spot beams.

Inmarsat-Indian Maritime Satellite is still the sole IMO-mandated 
provider of satellite communications for the GMDSS. Availability for 
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GMDSS is a minimum of 99.9% .Inmarsat has constantly and consistent-
ly exceeded this figure & independently audited by IMSO and report-
ed on to IMO. Now Inmarsat commercial services use the same satel-
lites and network &Inmarsat A closes at midnight on 31 December 2007 
Agreed by IMO – MSC/Circ.1076. Successful closure programme almost 
concluded Overseen throughout by IMSO.

Figure 5.11. INMARSAT Satellite Service.

GMDSS Services Continue to be Provided by

Inmarsat B, Inmarsat C/mini-C and Inmarsat Fleet F77 

Potential for GMDSS on Fleet Broadband being assessed 

  The IMO Criteria for the Provision of Mobile Satellite Commu-
nications Systems in the Global Maritime Distress and Safety 
System (GMDSS)

  Amendments were proposed; potentially to make it simpler for 
other satellite systems to be approved

  The original requirements remain and were approved by MSC 
83

No dilution of standards 

  Minor amendments only; replacement Resolution expected to 
be approved by the IMO 25th Assembly
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  Inmarsat remains the sole, approved satcom provider for the 
GMDSS

DIFFERENCES BETWEEN LEO, MEO & GEO SATELLITE 
SYSTEMS
Satellite Systems can be classified based upon their orbits as low 

earth orbit, medium earth orbit & geostationary earth orbit systems. 
Geostationary is also the highest earth orbit and hence, also provides the 
greatest visibility using only a few satellites. The coverage region of a 
satellite is called its footprint. This is the region from which the satellite 
is visible. Three geostationary satellite footprints ensure complete cover-
age of the earth as shown:

Hence, there is permanent or 24-hour visibility of geostationary sat-
ellites without the need of handoffs. While LEO & MEO satellites do not 
have 24-hour visibility as the satellites have smaller footprints since they 
are closer to the earth (low satellite height). Hence, a larger number of 
satellites are needed to cover the earth. Also, since each satellite has a 
small footprint, handoffs are also required between satellites.
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Major Differences Between LEO, MEO & GEO Satellite Systems

Parameter LEO MEO GEO

Satellite Height 500-1500 km 5000-12000 km 35,800 km

Orbital Period 10-40 minutes 2-8 hours 24 hours

Number of Satellites 40-80 8-20 3

Satellite Life Short Long Long

Number of Handoffs High Low Least(none)

Gateway Cost Very Expensive Expensive Cheap

Propagation Loss Least High Highest

Note
•	 HEO refers to highly elliptical orbits which have a visibility of 

about 12 hours.
•	 ICO or intermediate circular orbit is an example of MEO.
•	 GPS satellites are not in geostationary orbits but instead, they 

orbit twice for every rotation of the earth at a height of 20, 000 km.
•	 Handheld terminals have low sending power are hence use LEO 

for mobile communication. LEO are also closest to the earth, have better 
signal strength and less time delay.

Figure 5.12. Satellite Orbits.
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5.5. Low Earth Orbit (LEO)
A low Earth orbit (LEO) is an orbit around Earth with an altitude 

between 160 kilometers (99 mi), (orbital period of about 88 minutes), 
and 2,000 kilometers (1,200 mi) (about 127 minutes). Objects below 
approximately 160 kilometers (99 mi) will experience very rapid or-
bital decay and altitude loss.[1][2] With the exception of the manned lu-
nar flights of the Apollo program, all human spaceflights have taken 
place in LEO (or were suborbital). The altitude record for a human 
spaceflight in LEO was Gemini 11 with an apogee of 1,374.1 kilometers 
(853.8 mi). All manned space stations to date, as well as the majority 
of satellites, have been in LEO. LEO satellites operate at a distance of 
about 500-1500 km.

Orbital Characteristics
Objects in LEO encounter atmospheric drag in the form of gases in 

the thermosphere (approximately 80–500 km up) or exosphere (approxi-
mately 500 km and up), depending on orbit height. Objects in LEO orbit 
Earth between the atmosphere and below the inner Van Allen radiation 
belt. The altitude is usually not less than 300 km for satellites, as that 
would be impractical due to atmospheric drag.

The orbital velocity needed to maintain a stable low Earth orbit is 
about 7.8 km/s, but reduces with increased orbital altitude. The delta-v 
needed to achieve low Earth orbit starts around 9.4 km/s. Atmospheric 
and gravity drag associated with launch typically adds 1.5–2.0 km/s to 
the delta-v launch vehicle required to reach normal LEO orbital velocity 
of around 7.8 km/s (28,080 km/h).

Equatorial low Earth orbits (ELEO) are a subset of LEO. These orbits, 
with low inclination to the Equator, allow rapid revisit times and have 
the lowest delta-v requirement (i.e., fuel spend) of any orbit. Orbits with 
a high inclination angle to the equator are usually called polar orbits.

Higher orbits include medium Earth orbit (MEO), sometimes called 
intermediate circular orbit (ICO), and further above, geostationary orbit 
(GEO). Orbits higher than low orbit can lead to early failure of electronic 
components due to intense radiation and charge accumulation.
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Use of LEO
Although the Earth’s pull due to gravity in LEO is not much less 

than on the surface of the Earth, people and objects in orbit experience 
weightlessness because they are in free fall.

A low Earth orbit is simplest and cheapest for satellite placement. 
It provides high bandwidth and low communication time lag (latency), 
but satellites in LEO will not be visible from any given point on the Earth 
at all times.

Examples
•	 Earth observation satellites and spy satellites use LEO as they are 

able to see the surface of the Earth more clearly as they are not so 
far away. They are also able to traverse the surface of the Earth. 
A majority of artificial satellites are placed in LEO, making one 
complete revolution around the Earth in about 90 minutes.

•	 The International Space Station is in a LEO about 400 km (250 mi) 
above the Earth’s surface.[3]

•	 Since it requires less energy to place a satellite into a LEO and 
the LEO satellite needs less powerful amplifiers for successful 
transmission, LEO is still used for many communication applica-
tions. Because these LEO orbits are not geostationary, a network 
(or “constellation”) of satellites is required to provide continuous 
coverage. (Many communication satellites require geostationary 
orbits, and move at the same angular velocity as the Earth. Some 
communications satellites including the Iridium phone system 
use LEO.)

•	 Lower orbits also aid remote sensing satellites because of the 
added detail that can be gained. Remote sensing satellites can 
also take advantage of sun-synchronous LEO orbits at an altitude 
of about 800 km (500 mi) and near polar inclination. ENVISAT is 
one example of an Earth observation satellite that makes use of 
this particular type of LEO.

Non-geostationary satellites are mostly used for communication ap-
plications as the distance between them and earth is comparatively less 
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and hence the delay seen is less. These satellites are also known as Low 
Earth Orbiting satellites (LEO) and Medium Earth Orbiting satellites 
(MEO). 

Low Earth Orbit satellites have a small area of coverage. They are 
positioned in an orbit approximately 3000km from the surface of the 
earth

•	 They complete one orbit every 90 minutes 

•	 The large majority of satellites are in low earth orbit 

•	 The Iridium system utilizes LEO satellites (780km high) 

•	 The satellite in LEO orbit is visible to a point on the earth for a 
very short time.

 Advantages of Low Earth Orbit

1.    The antennas can have low transmission power of about 1 watt.

2.    The delay of packets is relatively low.

3. Useful for smaller foot prints.

4. LEO and MEO systems can provide true global coverage. 

5. Lower path loss makes it possible to use hand-held terminals. 

6. These satellites undergo low propagation delay. 

Disadvantages of Low Earth Orbit

1.   If global coverage is required, it requires at least 50-200 satellites 
in this orbit.

2.  Special handover mechanisms are required.

3.  These satellites involve complex design.

4.  Very short life: Time of 5-8 years. Assuming 48 satellites with a 
life-time of 8 years each, a new satellite is needed every 2 months.

5.  Data packets should be routed from satellite to satellite.

6. A large number of satellites are required to cover the radius of the 
earth. 
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7. The satellite visibility is 10-180 minutes which necessitates satel-
lite-satellite handover leading to more complex network archi-
tecture. 

8. Doppler Effect is high. 
9.  Signal strength at the receiver varies due to the continuous vary-

ing range and elevation angle. 
10. Maintenance of the network and the orbit in the longer term are 

challenging. 
11. These satellites also undergo a good number of eclipses; thus 

their batteries are expected to take charge of the satellite function-
ality, hence their lifelong is also expected to be higher. 

12. Interferences of the satellite cannot be predicted as the distance 
is very high and the atmospheric effects are constantly changing. 

DESIGN CONSDERATIONS 
Traffic Distribution and Coverage 
An orbit design is governed by the service area and geographical 

distribution of traffic within the area. In developing the coverage, dis-
tinction must be made between geometric visibility and RF visibility. 

A good RF visibility ensures that adequate signal strength is re-
ceived before a connection is established. Further to increase the spec-
trum reuse, the coverage area is divided into smaller sets which are each 
covered by a spot beam. 

One of the unique traffic features of low earth orbit (LEO) satellite 
networks is time-variant and non-uniform load distribution. This fea-
ture results in a locally biased congestion problem for the LEO satellite 
systems. To solve the congestion problem, LEOs use of near-neighbor 
residual bandwidth information to allocate excess bandwidth from con-
gested satellites to their under loaded neighbors in the network. Each 
traffic load balancing process is performed on the domain basis. 

Satellite Capacity 
LEO systems are designed to have more than one satellite in view 

from any spot on Earth at any given time, thus minimizing the possibili-
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ty that the network will lose out on the transmission. LEO systems have 
to incorporate complicated tracking equipments to maintain consistent 
service coverage. The need for complex tracking schemes is minimized, 
but not obviated, in LEO systems designed to handle only short-burst 
transmissions. 

In addition, because the signals to and from the satellites need to 
travel a relatively short distance, LEOs can function with much smaller 
user equipment can systems using a higher orbit. In addition, a system 
of LEO satellites is designed to maximize the ability of ground equip-
ment to “see” a satellite at any time, which can overcome the difficulties 
caused by obstructions such as trees and buildings. 

There are two types of LEO systems, Big LEOs and Little LEOs, 
Little LEO satellites are very small, often weighing no more than a 

human being, and use very little bandwidth for communications. Their 
size and bandwidth usage limits the amount of traffic the system can car-
ry at any given time. However, such systems often employ mechanisms 
to maximize capacity, such as frequency reuse schemes and load delay 
tactics. Little LEO systems support services that require short messag-
ing and occasional low-bandwidth data transport, such as paging, fleet 
tracking and remote monitoring of stationary monitors for everything 
from tracking geoplatonic movements to checking on vending machine 
status. The low bandwidth usage may allow a LEO system to provide 
more cost effective service for occasional-use applications than systems 
that maximize their value based on bulk usage. 

Big LEO systems are designed to carry voice traffic as well as data. 
They are the technology behind “satellite phones” or “global mobile per-
sonal communications system”. Most Big LEO systems offer mobile data 
services and some system operators intend to offer semi-fixed voice and 
data services to areas that have little or no terrestrial telephony infra-
structure. Smaller Big LEO orbits also are planned to serve limited re-
gions of the globe. MEO systems larger capacity relative to LEOs may 
enable them to be more flexible in meeting shifting market demand for 
either voice or data services. MEO systems, as well as some Big LEOs, 
targeted at the voice communications market may have a disadvantage 
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when compared with cellular and other terrestrial wireless networks. A 
satellite signal is inherently weaker and is more subject to interference 
than those of terrestrial systems, thus requiring a larger antenna than 
a traditional mobile phone. By contrast, the trend in the mobile phone 
market is toward smaller and smaller phones. 

State of Spacecraft Technology 
Orbit design is influenced by the chosen spacecraft technology. The 

following parameters are of significance.  Antenna size and complexity: 
increasing the altitude trends to reduce the number of satellites in a or-
bit, but it also required the use of larger antennas to meet the link quality 
objectives and maintain the same frequency reusability. 

Spacecraft DC power: the DC power of a satellite determines the 
capacity of a satellite. 

Inter-satellite link: satellites with inter-satellite links influence the 
network routing scheme. 

Terminal Characteristics and Communication Requirement 
The size of the terminal and their communications capabilities in-

fluence a satellite power and its sensitivity requirements. RF power of 
a handset is limited by safety considerations, battery size/capacity and 
the target terminal cost. If satellites are brought closer to a handset, pow-
er requirements reduce but the number of satellite in the orbit increases. 
Similarly, satellites require lower transmit power if the orbital altitude 
decreases. 

Quality of Service 
Quality of service (QoS) depends upon the reliability of RF link, 

propagation delays and signal quality measure as bit rate errors. 
For a given satellite EIRP; higher link reliability requires operation 

at higher elevation angle and path diversity . More than one satellite 
must be visible from a terminal at a given time. Propagation conditions 
improve as the elevation angle increases because the number of obstruc-
tions reduces as the elevation angle is made to improve.  Owing to the 
movement of satellite, propagation conditions for LEOs and MEOs or-
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bits are quite severe. The user could receive a high signal from a specific 
direction but not from others. 

Selection of the best orbit could be done from propagation and avail-
ability aspect can be done on the basis of the average, maximum and 
minimum elevation angles over the area of interest or using other crite-
ria such as probability of a successful completion of voice calls. 

Spectrum Availability 
Each operation has access to a limited amount of RF spectrum and 

therefore whishes to maximize the use of this resource. Frequency reus-
ability can be incremented by spatial and polarized diversity. 

Spatial reuse is achieved by spot and shaped beams. Within a spec-
ified area; and for a given spot beam size, a lower-altitude constella-
tion tends to increase frequency reusability. Additional considerations 
in maximizing the radio recourse are modulation, coding and multiple 
access schemes. 

Launch Considerations 
Important practical consideration relates to the launch cost, as well 

as the feasibility of launching the satellites in the constellation within an 
acceptable time frame. A number of launchers may be used to expedite 
launches as well as to spread the risk. The probability of launch failure 
and in-orbit satellite failure is likely to increase as the number of satel-
lites in a constellation increases. 

Orbital Debris 
Besides planets, natural and artificial satellites, many other particles 

like cosmic rays, protons, electrons, meteoroids and manmade space 
debris exists in space. These particles collide with the satellites causing 
permanent damage to it and sometimes degrading the solar cells. 

Space debris, also known as orbital debris, space junk and space 
waste, is the collection of objects in orbit around Earth that were cre-
ated by humans but no longer serve any useful purpose. These objects 
consist of everything from spent rocket stages and defunct satellites to 
explosion and collision fragments. The debris can include slag and dust 
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from solid rocket motors, surface degradation products such as paint 
flakes, clusters of small needles, and objects released due to the impact 
of micrometeoroids or fairly small debris onto spacecraft. As the orbits 
of these objects often overlap the trajectories of spacecraft, debris is a 
potential collision risk. 

The vast majority of the estimated tens of millions of pieces of 
space debris are small particles, like paint flakes and solid rocket fuel 
slag. Impacts of these particles cause erosive damage, similar to sand-
blasting. The majority of this damage can be mitigated through the 
use of a technique originally developed to protect spacecraft from mi-
crometeorites, by adding a thin layer of metal foil outside of the main 
spacecraft body. 

Impacts take place at such high velocities that the debris is vapor-
ized when it collides with the foil, and the resulting plasma spreads out 
quickly enough that it does not cause serious damage to the inner wall. 
However, not all parts of a spacecraft may be protected in this manner, 
i.e. solar panels and optical devices (such as telescopes, or star trackers), 
and these components are subject to constant wear by debris and micro-
meteorites. 

The present means for spacecraft shielding, such as those used for 
the manned modules of the International Space Station are only capa-
ble of protecting against debris with diameters below about 1 centime-
ter. The only remaining means of protection would be to maneuver the 
spacecraft in order to avoid a collision. This, however, requires that the 
orbit of the respective object be precisely known. 

If a collision with larger debris does occur, many of the resulting 
fragments from the damaged spacecraft will also be in the 1-kilogram 
mass range, and these objects become an additional collision risk. 

As the chance of collision is a function of the number of objects in 
space, there is a critical density where the creation of new debris occurs 
faster than the various natural forces that remove these objects from or-
bit. Beyond this point a runaway chain reaction can occur that quickly 
reduces all objects in orbit to debris in a period of years or months. 
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Operational Considerations 
The monitoring and maintaining of a large orbit is a complex and 

expensive task. Monitoring has to be done in order to ensure that satel-
lite transmissions meet the required specification in terms of frequency 
and power, traffic flow is normal, all satellites and links are operating 
satisfactorily, all the gateways are functioning correctly, reception is in-
terference free and the user is satisfied with the signal quality. 

Maintenance of an orbit includes maintaining correct altitude and 
phase o satellites, which would typically require station-keeping every 
few weeks, replaced of failed spacecraft and so on. Again, the complexi-
ty tends to increase as the size of the orbit increases. 

Network Issues 
Network issues comprise of  network architecture including call 

connection strategy, intra and inter system routing considerations, mo-
bility management and space segment resource management. 

Network Architecture 
This depends up to the nature of services offered by the satellite, 

which is categorized as follows: 
•	 Non real time services such as messaging 
•	 Real time services such as voice or video conferencing 
•	 Combination of real time and non real time services. 
Non real time services include satellite based store and forward ser-

vices; earth station based store and forward. Real time services include 
connectivity via inter-satellite links, distributed routing schemes, cen-
tralized routing schemes, flooding schemes, connection via ground re-
lays, and connectivity via geostationary satellites. 

 Mobility Management 
In network, where user terminals are not fixed to a location, it be-

comes necessary to manage mobility of terminals so that the calls are 
successfully established. To minimize call set up time and network sig-
naling requirements during the setup, and to improve the call set up 
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success rate, it is necessary for the switching center t have knowledge 
of the location of each mobile in the network. The process of the ter-
minal registering its location is described as location registration. The 
terminal or the network must have a provision for estimating the user 
position. 

Handover increases the complexity of the network as the need for 
real-time signaling between various network entities. In general, the 
number of handovers reduces with the increase in the orbital altitude 
because of a corresponding increase in the orbital period. 

5.7. Medium Earth Orbit (MEO)

Medium Earth Orbit satellites have orbital altitudes between 3,000 
and 30,000 km. They are commonly used in navigation systems such 
as GPS. Medium Earth Orbit (MEO), sometimes called intermediate 
circular orbit (ICO), is the region of space around the Earth above low 
Earth orbit (altitude of 2,000 kilometers (1,243 mi)) and below geosta-
tionary orbit (altitude of 35,786 kilometres (22,236 mi)). 

The most common use for satellites in this region is for navigation, 
communication, and geodetic/space environment science. The most 
common altitude is approximately 20,200 kilometres (12,552 mi)), which 
yields an orbital period of 12 hours, as used, for example, by the Glob-
al Positioning System (GPS).[1] Other satellites in Medium Earth Orbit 
include Glonass (with an altitude of 19,100 kilometres (11,868 mi)) and 
Galileo (with an altitude of 23,222 kilometres (14,429 mi)) constellations. 
Communications satellites that cover the North and South Pole are also 
put in MEO. 

The orbital periods of MEO satellites range from about 2 to nearly 
24 hours. Telstar 1, an experimental satellite launched in 1962, orbits in 
MEO.The orbit is home to a number of satellites
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Figure 5.13. Meo Satellite Communication.

Their signal takes from 50 to 150 milliseconds to make the round 
trip. MEO satellites cover more earth area than LEOs but have a higher 
latency. MEOS is often used in conjunction with GEO satellite systems. 
Telstar, one of the first and most famous experimental satellites, orbited 
in MEO. 

It was a medium earth orbit satellite designed to help facilitate high-
speed telephone signals, but scientists soon learned what some of the 
problematic aspects were of a single MEO in space. It only provided 
transatlantic telephone signals for 20 minutes of each approximately 2.5 
hours orbit. It was apparent that multiple MEOs needed to be used in 
order to provide continuous cove The coverage of earth is called a foot-
print, and MEOs typically are able to create a larger footprint because of 
their different orbital patterns, and because they are higher than LEOs.

Today the medium earth orbit satellite is most commonly used in 
navigation systems around the world. These include Global Positioning 
System (GPS), and the Russian Glonass. A proposed MEO navigation 
system for the European Union called Galileo is expected to begin oper-
ations in 2013.

The orbital periods of MEO satellites range from about two to 12 
hours. Some MEO satellites orbit in near perfect circles, and therefore 
have constant altitude and travel at a constant speed. Other MEO sat-
ellites revolve in elongated orbits. The perigee (lowest altitude) of an 
elliptical-orbit satellite is much less than its apogee (greatest altitude). 
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The orbital speed is much greater near perigee than near apogee. As 
seen from a point on the surface, a satellite in an elongated orbit crosses 
the sky in just a few minutes when it is near perigee, as compared to 
several hours when it is near apogee. Elliptical-orbit satellites are easiest 
to access near apogee, because the earth-based antenna orientation does 
not have to be changed often, and the satellite is above the horizon for a 
fairly long time.

A fleet of several MEO satellites, with orbits properly coordinated 
can provide global wireless communication coverage. Because MEO sat-
ellites are closer to the earth than geostationary satellites, earth-based 
transmitters with relatively low power and modest-sized antennas can 
access the system. Because MEO satellites orbit at higher altitudes than 
LEO satellites, the useful footprint (coverage area on the earth’s surface) 
is greater for each satellite. Thus a global-coverage fleet of MEO satellites 
can have fewer members than a global-coverage fleet of LEO satellites.

Satellite at different orbits operates at different heights. The MEO 
satellite operates at about 5000 to 12000 km away from the earth’s sur-
face. These orbits have moderate number of satellites.

Advantages 

1.    Compared to LEO system, MEO requires only a dozen satellites.

2.    Simple in design.

3.    Requires very few handovers.

Disadvantages 

1.    Satellites require higher transmission power.

2.    Special antennas are required.

5.7. Geosynchronous Earth Orbit (GEO)

The concept was first proposed by Herman Potočnik in 1928 and 
popularized by the science fiction author Arthur C. Clarke in a paper 
in Wireless World in 1945.Working prior to the advent of solid-state 
electronics, Clarke envisioned a trio of large, manned space stations ar-
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ranged in a triangle around the planet. Modern satellites are numerous, 
unmanned, and often no larger than an automobile.

Widely known as the “father of the geosynchronous satellite”, Har-
old Rosen, an engineer at Hughes Aircraft Company, invented the first 
operational geosynchronous satellite, Syncom 2. It was launched on a 
Delta rocket B booster from Cape Canaveral July 26, 1963. A few months 
later Syncom 2 was used for the world’s first satellite-relayed telephone 
call. It took place between United States President John F. Kennedy and 
Nigerian Prime minister Abubakar Tafawa Balewa.

The first geostationary communication satellite was Syncom 3, 
launched on August 19, 1964 with a Delta D launch vehicle from Cape 
Canaveral. The satellite, in orbit approximately above the International 
Date Line, was used to telecast the 1964 Summer Olympics in Tokyo 
to the United States. Westar 1 was America’s first domestic and com-
mercially launched geostationary communications satellite, launched by 
Western Union and NASA on April 13, 1974.

 Geosynchronous Earth Orbit satellites are positioned over the equa-
tor. The orbital altitude is around 30,000-40,000 km. A geostationary sat-
ellite is an earth-orbiting satellite, placed at an altitude of approximately 
35,800 kilometers (22,300 miles) directly over the equator, that revolves 
in the same direction the earth rotates (west to east). At this altitude, 
one orbit takes 24 hours, the same length of time as the earth requires 
to rotate once on its axis. The term geostationary comes from the fact 
that such a satellite appears nearly stationary in the sky as seen by a 
ground-based observer. BGAN, the new global mobile communications 
network, uses geostationary satellites.

 A geosynchronous satellite is a satellite in geosynchronous orbit, 
with an orbital period the same as the Earth’s rotation period. Such a 
satellite returns to the same position in the sky after each sidereal day, 
and over the course of a day traces out a path in the sky that is typically 
some form of analemma. A special case of geosynchronous satellite is 
the geostationary satellite, which has a geostationary orbit – a circular 
geosynchronous orbit directly above the Earth’s equator. Another type 
of geosynchronous orbit used by satellites is the Tundra elliptical orbit.
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A single geostationary satellite is on a line of sight with about 40 
percent of the earth’s surface. Three such satellites, each separated by 
120 degrees of longitude, can provide coverage of the entire planet, with 
the exception of small circular regions centered at the north and south 
geographic poles. A geostationary satellite can be accessed using a direc-
tional antenna, usually a small dish, aimed at the spot in the sky where 
the satellite appears to hover. The principal advantage of this type of 
satellite is the fact that an earthbound directional antenna can be aimed 
and then left in position without further adjustment. Another advantage 
is the fact that because highly directional antennas can be used, interfer-
ence from surface-based sources, and from other satellites, is minimized.

Geostationary satellites have two major limitations. First, because 
the orbital zone is an extremely narrow ring in the plane of the equator, 
the number of satellites that can be maintained in geostationary orbits 
without mutual conflict (or even collision) is limited. Second, the dis-
tance that an electromagnetic (EM) signal must travel to and from a geo-
stationary satellite is a minimum of 71,600 kilometers or 44,600 miles. 
Thus, a latency of at least 240 milliseconds is introduced when an EM 
signal, traveling at 300,000 kilometers per second (186,000 miles per sec-
ond), makes a round trip from the surface to the satellite and back.

There are two other, less serious, problems with geostationary sat-
ellites. First, the exact position of a geostationary satellite, relative to the 
surface, varies slightly over the course of each 24-hour period because 
of gravitational interaction among the satellite, the earth, the sun, the 
moon, and the non-terrestrial planets. As observed from the surface, the 
satellite wanders within a rectangular region in the sky called the box. 
The box is small, but it limits the sharpness of the directional pattern, 
and therefore the power gain, that earth-based antennas can be designed 
to have. Second, there is a dramatic increase in background EM noise 
when the satellite comes near the sun as observed from a receiving sta-
tion on the surface, because the sun is a powerful source of EM energy. 
This effect, known as solar fade, is a problem only within a few days of 
the equinoxes in late March and late September. Even then, episodes last 
for only a few minutes and take place only once a day.
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 Geostationary satellites appear to be fixed over one spot above the 
equator. Receiving and transmitting antennas on the earth do not need 
to track such a satellite. These antennas can be fixed in place and are 
much less expensive than tracking antennas. These satellites have revo-
lutionized global communications, television broadcasting and weather 
forecasting, and have a number of important defense and intelligence 
applications.

One disadvantage of geostationary satellites is a result of their high 
altitude: radio signals take approximately 0.25 of a second to reach and 
return from the satellite, resulting in a small but significant signal de-
lay. This delay increases the difficulty of telephone conversation and 
reduces the performance of common network protocols such as TCP/
IP, but does not present a problem with non-interactive systems such as 
television broadcasts. There are a number of proprietary satellite data 
protocols that are designed to proxy TCP/IP connections over long-de-
lay satellite links—these are marketed as being a partial solution to the 
poor performance of native TCP over satellite links. TCP presumes that 
all loss is due to congestion, not errors, and probes link capacity with its 
“slow-start” algorithm, which only sends packets once it is known that 
earlier packets have been received. Slow start is very slow over a path 
using a geostationary satellite.

Another disadvantage of geostationary satellites is the incomplete 
geographical coverage, since ground stations at higher than roughly 60 
degrees latitude have difficulty reliably receiving signals at low eleva-
tions. Satellite dishes at such high latitudes would need to be pointed 
almost directly towards the horizon. The signals would have to pass 
through the largest amount of atmosphere, and could even be blocked 
by land topography, vegetation or buildings. In the USSR, a practical 
solution was developed for this problem with the creation of special 
Molniya / Orbita inclined path satellite networks with elliptical orbits. 
Similar elliptical orbits are used for the Sirius Radio satellites.

Advantages 
1.    It is possible to cover almost all parts of the earth with just 3 geo 

satellites.
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2.    Antennas need not be adjusted every now and then but can be 
fixed permanently.

3.    The life-time of a GEO satellite is quite high usually around 15 
years.

Disadvantages 

1.    Larger antennas are required for northern/southern regions of 
the earth.

2.    High buildings in a city limit the transmission quality.

3.    High transmission power is required.

4.    These satellites cannot be used for small mobile phones.

5.    Fixing a satellite at Geo stationary orbit is very expensive.

Figure 5.14. LEO, MEO & GEO range.
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5.9. Satellite Navigational System
A satellite navigation or satnav system is a system of satellites that 

provide autonomous geo-spatial positioning with global coverage. It al-
lows small electronic receivers to determine their location (longitude, 
latitude, and altitude) to high precision (within a few metres) using time 
signals transmitted along a line of sight by radio from satellites. The sig-
nals also allow the electronic receivers to calculate the current local time 
to high precision, which allows time synchronisation. A satellite navi-
gation system with global coverage may be termed a global navigation 
satellite system (GNSS).

Figure 5.15. LEO, MEO and GEO ORBITS.

As of April 2013, only the United States NAVSTAR Global Posi-
tioning System (GPS) and the Russian GLONASS are global operational 
GNSSs. China is in the process of expanding its regional BeiDou Naviga-
tion Satellite System into the global Compass navigation system by 2020.
[1] The European Union’s Galileo positioning system is a GNSS in initial 
deployment phase, scheduled to be fully operational by 2020 at the ear-
liest. France, India, and Japan are in the process of developing regional 
navigation systems.

Global coverage for each system is generally achieved by a satellite 
constellation of 20–30 medium Earth orbit (MEO) satellites spread be-
tween several orbital planes. The actual systems vary, but use orbital 
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inclinations of >50° and orbital periods of roughly twelve hours (at an 
altitude of about 20,000 kilometers.

Where are the navigational satellites placed?
It is only possible to determine a location on Earth if you know the 

location of the navigational satellites very precisely. This is achieved by 
placing the satellites in highly stable Medium Earth Orbits (MEOs) at an 
altitude of about 22 000 kilometres. MEOs are the orbits of choice for a 
number of reasons: their stability enables exact orbit predictions; the sat-
ellites travel relatively slowly and so can be observed over several hours, 
and the satellites can be arranged in a constellation so that at least four 
are visible from any point on the Earth’s surface at any time.

HISTORY
The first satellite navigation system was Transit, a system deployed 

by the US military in the 1960s. Transit’s operation was based on the 
Doppler effect: the satellites traveled on well-known paths and broad-
cast their signals on a well known frequency. The received frequency 
will differ slightly from the broadcast frequency because of the move-
ment of the satellite with respect to the receiver. By monitoring this fre-
quency shift over a short time interval, the receiver can determine its 
location to one side or the other of the satellite, and several such mea-
surements combined with a precise knowledge of the satellite’s orbit can 
fix a particular position.

Part of an orbiting satellite’s broadcast included its precise orbital 
data. In order to ensure accuracy, the US Naval Observatory (USNO) 
continuously observed the precise orbits of these satellites. As a satel-
lite’s orbit deviated, the USNO would send the updated information 
to the satellite. Subsequent broadcasts from an updated satellite would 
contain the most recent accurate information about its orbit.

Modern systems are more direct. The satellite broadcasts a signal 
that contains orbital data (from which the position of the satellite can be 
calculated) and the precise time the signal was transmitted. The orbital 
data is transmitted in a data message that is superimposed on a code that 
serves as a timing reference. The satellite uses an atomic clock to main-
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tain synchronization of all the satellites in the constellation. The receiv-
er compares the time of broadcast encoded in the transmission of three 
(at sea level) or four different satellites, thereby measuring the time-of-
flight to each satellite. Several such measurements can be made at the 
same time to different satellites, allowing a continual fix to be generated 
in real time using an adapted version of trilateration: see GNSS position-
ing calculation for details.

Each distance measurement, regardless of the system being used, 
places the receiver on a spherical shell at the measured distance from 
the broadcaster. By taking several such measurements and then looking 
for a point where they meet, a fix is generated. However, in the case of 
fast-moving receivers, the position of the signal moves as signals are re-
ceived from several satellites. In addition, the radio signals slow slightly 
as they pass through the ionosphere, and this slowing varies with the re-
ceiver’s angle to the satellite, because that changes the distance through 
the ionosphere. The basic computation thus attempts to find the short-
est directed line tangent to four oblate spherical shells centered on four 
satellites. Satellite navigation receivers reduce errors by using combi-
nations of signals from multiple satellites and multiple correlators, and 
then using techniques such as Kalman filtering to combine the noisy, 
partial, and constantly changing data into a single estimate for position, 
time, and velocity.

The Major Satellite Navigation Systems
There are two types of satellite navigation systems: global and re-

gional. Global navigation satellite systems (GNSS) provide coverage all 
over the world. Regional satellite navigation systems provide coverage 
just to one area. Regional systems typically augment a global system, 
but some can be used as stand-alone systems. First, we will cover GNSS.

Global Navigation Satellite System (GNSS)
Global Positioning System (GPS)
The Global Positioning System (GPS) is a space-based satellite 

navigation system that provides location and time information in all 
weather conditions, anywhere on or near the earth where there is an 
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unobstructed line of sight to four or more GPS satellites. The system pro-
vides critical capabilities to military, civil, and commercial users around 
the world. The United States government created the system, maintains 
it, and makes it freely accessible to anyone with a GPS receiver.

The US began the GPS project in 1973 to overcome the limitations of 
previous navigation systems, integrating ideas from several predeces-
sors, including a number of classified engineering design studies from 
the 1960s. The U.S. Department of Defense (DoD) developed the system, 
which originally used 24 satellites. It became fully operational in 1995. 
Bradford Parkinson, Roger L. Easton, and Ivan A. Getting are credited 
with inventing it.

Fundamentals
The GPS system concept is based on time. The satellites carry very 

stable atomic clocks that are synchronized to each other and to ground 
clocks. Any drift from true time maintained on the ground is corrected 
daily. Likewise, the satellite locations are monitored precisely. GPS re-
ceivers have clocks as well—however, they are not synchronized with 
true time, and are less stable. GPS satellites continuously transmit their 
current time and position. A GPS receiver monitors multiple satellites 
and solves equations to determine the exact position of the receiver and 
its deviation from true time. At a minimum, four satellites must be in 
view of the receiver for it to compute four unknown quantities (three 
position coordinates and clock deviation from satellite time). 

Each GPS satellite continually broadcasts a signal (carrier frequency 
with modulation) that includes:

•	 A pseudorandom code (sequence of ones and zeros) that is 
known to the receiver. By time-aligning a receiver-generated ver-
sion and the receiver-measured version of the code, the time of 
arrival (TOA) of a defined point in the code sequence, called an 
epoch, can be found in the receiver clock time scale

•	 A message that includes the time of transmission (TOT) of the 
code epoch (in GPS system time scale) and the satellite position 
at that time
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Conceptually, the receiver measures the TOAs (according to its own 
clock) of four satellite signals. From the TOAs and the TOTs, the receiver 
forms four time of flight (TOF) values, which are (given the speed of 
light) approximately equivalent to receiver-satellite range differences. 
The receiver then computes its three-dimensional position and clock de-
viation from the four TOFs.

In practice the receiver position (in three dimensional Cartesian co-
ordinates with origin at the earth’s center) and the offset of the receiver 
clock relative to GPS system time are computed simultaneously, using 
the navigation equations to process the TOFs. The receiver’s earth-cen-
tered solution location is usually converted to latitude, longitude and 
height relative to an ellipsoidal earth model. The height may then be 
further converted to height relative the geoid (e.g., EGM96) (essentially, 
mean sea level). These coordinates may be displayed, e.g. on a moving 
map display and/or recorded and/or used by other system (e.g., vehicle 
guidance).

Non-Navigation Applications
In typical GPS operation as a navigator, four or more satellites must 

be visible to obtain an accurate result. The solution of the navigation 
equations gives the position of the receiver along with the difference 
between the time kept by the receiver’s on-board clock and the true 
time-of-day, thereby eliminating the need for a more precise and possi-
bly impractical receiver based clock. Applications for GPS such as time 
transfer, traffic signal timing, and synchronization of cell phone base 
stations, make use of this cheap and highly accurate timing. Some GPS 
applications use this time for display, or, other than for the basic position 
calculations, do not use it at all.

Although four satellites are required for normal operation, fewer 
apply in special cases. If one variable is already known, a receiver can 
determine its position using only three satellites. For example, a ship or 
aircraft may have known elevation. Some GPS receivers may use ad-
ditional clues or assumptions such as reusing the last known altitude, 
dead reckoning, inertial navigation, or including information from the 
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vehicle computer, to give a (possibly degraded) position when fewer 
than four satellites are visible.

Structure
The current GPS consists of three major segments. These are the 

space segment (SS), a control segment (CS), and a user segment (US). 
The U.S. Air Force develops, maintains, and operates the space and con-
trol segments. GPS satellites broadcast signals from space, and each GPS 
receiver uses these signals to calculate its three-dimensional location 
(latitude, longitude, and altitude) and the current time. 

The space segment is composed of 24 to 32 satellites in medium 
earth orbit and also includes the payload adapters to the boosters re-
quired to launch them into orbit. The control segment is composed of a 
master control station (MCS), an alternate master control station, and a 
host of dedicated and shared ground antennas and monitor stations. The 
user segment is composed of hundreds of thousands of U.S. and allied 
military users of the secure GPS Precise Positioning Service, and tens of 
millions of civil, commercial, and scientific users of the Standard Posi-
tioning Service (see GPS navigation devices).

Space Segment

Figure 5.16. A visual example of a 24 satellite GPS constellation in motion with 
the earth rotating. Notice how the number of satellites in view from a given 

point on the earth’s surface, in this example at 45°N, changes with time.
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The space segment (SS) is composed of the orbiting GPS satellites, or 
Space Vehicles (SV) in GPS parlance. The GPS design originally called 
for 24 SVs, eight each in three approximately circular orbits, but this 
was modified to six orbital planes with four satellites each. The six or-
bit planes have approximately 55° inclination (tilt relative to the earth’s 
equator) and are separated by 60° right ascension of the ascending node 
(angle along the equator from a reference point to the orbit’s intersec-
tion). The orbital period is one-half a sidereal day, i.e., 11 hours and 58 
minutes so that the satellites pass over the same locations or almost the 
same locations every day. The orbits are arranged so that at least six 
satellites are always within line of sight from almost everywhere on the 
earth’s surface. The result of this objective is that the four satellites are 
not evenly spaced (90 degrees) apart within each orbit. In general terms, 
the angular difference between satellites in each orbit is 30, 105, 120, and 
105 degrees apart, which sum to 360 degrees. 

Orbiting at an altitude of approximately 20,200 km (12,600 mi); or-
bital radius of approximately 26,600 km (16,500 mi), each SV makes two 
complete orbits each sidereal day, repeating the same ground track each 
day. This was very helpful during development because even with only 
four satellites, correct alignment means all four are visible from one spot 
for a few hours each day. For military operations, the ground track re-
peat can be used to ensure good coverage in combat zones.

As of December 2012, there are 32 satellites in the GPS constellation. 
The additional satellites improve the precision of GPS receiver calcula-
tions by providing redundant measurements. With the increased num-
ber of satellites, the constellation was changed to a nonuniform arrange-
ment. Such an arrangement was shown to improve reliability and avail-
ability of the system, relative to a uniform system, when multiple satel-
lites fail. About nine satellites are visible from any point on the ground at 
any one time (see animation at right), ensuring considerable redundancy 
over the minimum four satellites needed for a position.
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Control Segment

Figure 5.17. Ground monitor station used from 1984 to 2007, on display at the 
Air Force Space & Missile Museum.

The Control Segment is Composed of
1. a master control station (MCS),
2. an alternate master control station,
3. four dedicated ground antennas, and
4. six dedicated monitor stations.
The MCS can also access U.S. Air Force Satellite Control Network 

(AFSCN) ground antennas (for additional command and control capa-
bility) and NGA (National Geospatial-Intelligence Agency) monitor sta-
tions. The flight paths of the satellites are tracked by dedicated U.S. Air 
Force monitoring stations in Hawaii, Kwajalein Atoll, Ascension Island, 
Diego Garcia, Colorado Springs, Colorado and Cape Canaveral, along 
with shared NGA monitor stations operated in England, Argentina, Ec-
uador, Bahrain, Australia and Washington DC.[65] The tracking informa-
tion is sent to the Air Force Space Command MCS at Schriever Air Force 
Base 25 km (16 mi) ESE of Colorado Springs, which is operated by the 
2nd Space Operations Squadron (2 SOPS) of the U.S. Air Force. Then 
2 SOPS contacts each GPS satellite regularly with a navigational update 
using dedicated or shared (AFSCN) ground antennas (GPS dedicated 
ground antennas are located at Kwajalein, Ascension Island, Diego Gar-
cia, and Cape Canaveral). These updates synchronize the atomic clocks 
on board the satellites to within a few nanoseconds of each other, and 
adjust the ephemeris of each satellite’s internal orbital model. The up-
dates are created by a Kalman filter that uses inputs from the ground 
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monitoring stations, space weather information, and various other in-
puts. 

Satellite maneuvers are not precise by GPS standards—so to change 
a satellite’s orbit, the satellite must be marked unhealthy, so receivers 
don’t use it. After the satellite maneuver, engineers track the new or-
bit from the ground, upload the new ephemeris, and mark the satellite 
healthy again.

The Operation Control Segment (OCS) currently serves as the con-
trol segment of record. It provides the operational capability that sup-
ports global GPS users and keeps the GPS system operational and per-
forming within specification.

OCS successfully replaced the legacy 1970s-era mainframe comput-
er at Schriever Air Force Base in September 2007. After installation, the 
system helped enable upgrades and provide a foundation for a new se-
curity architecture that supported U.S. armed forces. OCS will continue 
to be the ground control system of record until the new segment, Next 
Generation GPS Operation Control System (OCX), is fully developed 
and functional.

The new capabilities provided by OCX will be the cornerstone for 
revolutionizing GPS’s mission capabilities, and enabling Air Force Space 
Command to greatly enhance GPS operational services to U.S. combat 
forces, civil partners and myriad domestic and international users.

The GPS OCX program also will reduce cost, schedule and techni-
cal risk. It is designed to provide 50% sustainment cost savings through 
efficient software architecture and Performance-Based Logistics. In ad-
dition, GPS OCX expected to cost millions less than the cost to upgrade 
OCS while providing four times the capability. The GPS OCX program 
represents a critical part of GPS modernization and provides significant 
information assurance improvements over the current GPS OCS pro-
gram.

•	 OCX will have the ability to control and manage GPS legacy sat-
ellites as well as the next generation of GPS III satellites, while 
enabling the full array of military signals.
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•	 Built on a flexible architecture that can rapidly adapt to the 
changing needs of today’s and future GPS users allowing imme-
diate access to GPS data and constellations status through secure, 
accurate and reliable information.

•	 Provides the warfighter with more secure, actionable and predic-
tive information to enhance situational awareness.

•	 Enables new modernized signals (L1C, L2C, and L5) and has 
M-code capability, which the legacy system is unable to do.

•	 Provides significant information assurance improvements over 
the current program including detecting and preventing cyber 
attacks, while isolating, containing and operating during such at-
tacks.

•	 Supports higher volume near real-time command and control ca-
pabilities and abilities.

On September 14, 2011,[69] the U.S. Air Force announced the com-
pletion of GPS OCX Preliminary Design Review and confirmed that the 
OCX program is ready for the next phase of development. The GPS OCX 
program has achieved major milestones and is on track to support the 
GPS IIIA launch in May 2014.

User Segment

GPS receivers come in a variety of formats, from devices integrated 
into cars, phones, and watches, to dedicated devices such as these.

The user segment is composed of hundreds of thousands of U.S. and 
allied military users of the secure GPS Precise Positioning Service, and 
tens of millions of civil, commercial and scientific users of the Standard 
Positioning Service. In general, GPS receivers are composed of an anten-
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na, tuned to the frequencies transmitted by the satellites, receiver-pro-
cessors, and a highly stable clock (often a crystal oscillator). They may 
also include a display for providing location and speed information to 
the user. A receiver is often described by its number of channels: this 
signifies how many satellites it can monitor simultaneously. Originally 
limited to four or five, this has progressively increased over the years 
so that, as of 2007, receivers typically have between 12 and 20 channels. 

GPS receivers may include an input for differential corrections, using 
the RTCM SC-104 format. This is typically in the form of an RS-232 port 
at 4,800 bit/s speed. Data is actually sent at a much lower rate, which 
limits the accuracy of the signal sent using RTCM. Receivers with inter-
nal DGPS receivers can outperform those using external RTCM data. As 
of 2006, even low-cost units commonly include Wide Area Augmenta-
tion System (WAAS) receivers.

APPLICATIONS

•	 Astronomy: both positional and clock synchronization data is 
used in astrometry and celestial mechanics calculations. It is also 
used in amateur astronomy using small telescopes to profession-
als observatories, for example, while finding extrasolar planets.

•	 Automated vehicle: applying location and routes for cars and 
trucks to function without a human driver.

•	 Cartography: both civilian and military cartographers use GPS 
extensively.

•	 Cellular telephony: clock synchronization enables time transfer, 
which is critical for synchronizing its spreading codes with oth-
er base stations to facilitate inter-cell handoff and support hy-
brid GPS/cellular position detection for mobile emergency calls 
and other applications. The first handsets with integrated GPS 
launched in the late 1990s. The U.S. Federal Communications 
Commission (FCC) mandated the feature in either the handset 
or in the towers (for use in triangulation) in 2002 so emergency 
services could locate 911 callers. Third-party software developers 
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later gained access to GPS APIs from Nextel upon launch, fol-
lowed by Sprint in 2006, and Verizon soon thereafter.

•	 Clock synchronization: the accuracy of GPS time signals (±10 ns)
[71] is second only to the atomic clocks they are based on.

•	 Disaster relief/emergency services: depend upon GPS for loca-
tion and timing capabilities.

•	 Meteorology-Upper Airs: measure and calculate the atmospheric 
pressure, wind speed and direction up to 27 km from the earth’s 
surface

•	 Fleet tracking: the use of GPS technology to identify, locate and 
maintain contact reports with one or more fleet vehicles in re-
al-time.

•	 Geofencing: vehicle tracking systems, person tracking systems, 
and pet tracking systems use GPS to locate a vehicle, person, or 
pet. These devices are attached to the vehicle, person, or the pet 
collar. The application provides continuous tracking and mobile 
or Internet updates should the target leave a designated area.[72]

•	 Geotagging: applying location coordinates to digital objects such 
as photographs (in Exif data) and other documents for purposes 
such as creating map overlays with devices like Nikon GP-1

•	 GPS aircraft tracking

•	 GPS for mining: the use of RTK GPS has significantly improved 
several mining operations such as drilling, shoveling, vehicle 
tracking, and surveying. RTK GPS provides centimeter-level po-
sitioning accuracy.

•	 GPS tours: location determines what content to display; for in-
stance, information about an approaching point of interest.

•	 Navigation: navigators value digitally precise velocity and orien-
tation measurements.

•	 Phasor measurements: GPS enables highly accurate timestamp-
ing of power system measurements, making it possible to com-
pute phasors.
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•	 Recreation: for example, geocaching, geodashing, GPS drawing 
and waymarking.

•	 Robotics: self-navigating, autonomous robots using a GPS sen-
sors, which calculate latitude, longitude, time, speed, and head-
ing.

•	 Sport: used in football and rugby for the control and analysis of 
the training load.

•	 Surveying: surveyors use absolute locations to make maps and 
determine property boundaries.

•	 Tectonics: GPS enables direct fault motion measurement of earth-
quakes. Between earthquakes GPS can be used to measure crustal 
motion and deformation[73] to estimate seismic strain buildup for 
creating seismic hazard maps.

•	 Telematics: GPS technology integrated with computers and mo-
bile communications technology in automotive navigation sys-
tems

Other satellite navigation systems in use or various states of devel-
opment include:

•	 GLONASS – Russia’s global navigation system. Fully operational 
worldwide.

•	 Galileo – a global system being developed by the European Union 
and other partner countries, planned to be operational by 2014 
(and fully deployed by 2019)

•	 Beidou – People’s Republic of China’s regional system, currently 
limited to Asia and the West Pacific[138]

•	 COMPASS – People’s Republic of China’s global system, planned 
to be operational by 2020.

•	 IRNSS – India’s regional navigation system, planned to be opera-
tional by 2015, covering India and Northern Indian Ocean[141]

•	 QZSS – Japanese regional system covering Asia and Oceania.
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Global Satellite Navigation System (GLONASS)
GLONASS is also composed of 24 satellites but was developed in the 

Soviet Union and is operated by the Russian Aerospace Defense Forces. 
This sat system is the only other navigational system in operation with 
global coverage and of comparable precision.

Galileo (In Development)
Galileo is a global navigation system currently being developed by 

the European Union and European Space Agency intended primarily for 
civilian use. Named after the Italian astronomer Galileo Galilei, one of 
the goals is to provide a high-precision positioning system for Europe-
an nations that is independent from the Russian GLONASS, U.S. GPS, 
Indian IRNSS and Chinese Compass systems. The 30-satellite system is 
expected to be completed in 2019. The use of the basic services will be 
free and open to everyone, while the high-precision capabilities will be 
available for paying commercial users and for military use.

Compass (In Development)
Compass is a global navigation system currently being developed in 

China. It is the second generation of its regional BeiDou Satellite Naviga-
tion System (BDS), also known as BeiDou-2. Its completion is expected 
in 2020 and will consist of 35 satellites.

Regional Satellite Navigation Systems
Quasi-Zenith Satellite System (QZSS)
The Quasi-Zenith Satellite System (QZSS) is a proposed three-sat-

ellite regional time transfer system and Satellite Based Augmentation 
System for the Global Positioning System that would be receivable with-
in Japan and Australia. QZSS is targeted at mobile applications to pro-
vide communications-based services and positioning information. Its 
three satellites, each 120° apart, are in highly-inclined, slightly elliptical, 
geosynchronous orbits. Because of this, they do not remain in the same 
place in the sky. Their ground traces are asymmetrical figure-8 patterns, 
created to ensure that one is almost directly over Japan at all times.
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Indian Regional Navigational Satellite System (IRNSS)
The Indian Regional Navigational Satellite System (IRNSS) is a re-

gional satellite navigation system being developed by the Indian Space 
Research Organization. When complete, it will be under control of the 
Indian government. IRNSS will provide standard service for civilian use 
and an encrypted restricted service for authorized users (military).

Advantages
•	 Enhanced   Safety 
•	 Increased Capacity
•	 Reduced Delays 
•	 Increased Flight Efficiencies 
•	 Increased Schedule Predictability 
•	 Environmentally Beneficial Procedures.

5.10. Direct Broadcast Satellites (DBS)
Direct-Broadcast Satellite (DBS) is a type of artificial satellite which 

usually sends satellite television signals for home reception. The type of 
satellite television which uses direct-broadcast satellites is known as di-
rect-broadcast satellite television (DBSTV) or direct-to-home television 
(DTHTV). This has initially distinguished the transmissions directly 
intended for home viewers from cable television distribution services 
that are sometimes carried on the same satellite. The term DTH predates 
DBS and is often used in reference to services carried by lower power 
satellites which required larger dishes (1.7 m diameter or greater) for 
reception.

There are five major components in a DBS satellite system: the pro-
gramming source, the broadcast center, the satellite, the satellite dish, 
and the receiver. Satellites used for transmission of television signals 
are generally in either naturally highly elliptical (with inclination of +/-
63.4 degrees and orbital period of about twelve hours, also known as 
Molniya orbit) or geostationary orbit 37,000 km (23,000 mi) above the 
earth’s equator.[1] Satellite television, like other communications relayed 
by satellite, starts with a transmitting antenna located at an uplink fa-
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cility. Uplink facilities transmit their signals typically in the C-band fre-
quency range due to their resistance to rain fade. As a result, uplink 
satellite dishes are very large, often as much as 9 to 12 metres (30 to 
40 feet) in diameter. The increased diameter results in more accurate 
aiming and increased signal strength at the satellite. The uplink dish is 
pointed toward a specific satellite and the uplinked signals are transmit-
ted within a specific frequency range, so as to be received by one of the 
transponders tuned to that frequency range aboard that satellite.[1] The 
transponder then converts the signals to Ku band, a process known as 
“translation,” and transmits them back to earth to be received by home 
satellite stations. 

Sun outage occurs when the sun lines up directly between the geo-
stationary satellite the earth station. This happens twice every year 
around midday for a two-week period in the spring and fall around the 
equinoxes, and affects both the C-band and the Ku-band. The line-up 
swamps out all reception for a few minutes due to the sun emitting mi-
crowaves on the same frequencies used by the satellite’s transponders. 

Figure 5.18. Dbs System.

The downlinked satellite signal, weaker after traveling the great dis-
tance (see inverse-square law), is collected by using a parabolic receiving 
dish, which reflects the weak signal to the dish’s focal point. Mounted 
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on brackets at the dish’s focal point is a device called a feedhorn or col-
lector. The feedhorn then sends the signals through a waveguide to a 
low-noise block converter (LNB) or low noise converter (LNC).[3] The 
LNB amplifies the weak signals, filters the block of frequencies in which 
the satellite television signals are transmitted, and converts the block of 
frequencies to a lower frequency range in the L-band range. 

The advantages of LNBs are that cheaper cable can be used to connect 
the indoor receiver with the satellite dish and LNB, and that the technol-
ogy for handling the signal at L-Band and UHF is far cheaper than that 
for handling the signal at C-Band frequencies. The shift to more afford-
able technology from the 50 Ohm impedance cable and N-Connectors of 
the early C-Band systems to the cheaper 75 Ohm technology and F-Con-
nectors allowed the early satellite television receivers to use, what were 
in reality, modified UHF television tuners which selected the satellite 
television channel for down conversion to another lower intermediate 
frequency centered on 70 MHz where it was demodulated.[4] An LNB 
can only handle a single receiver. This is due to the fact that the LNB is 
mapping two different circular polarisations – right hand and left hand – 
and in the case of the Ku-band two different reception bands – lower and 
upper – to one and the same frequency band on the cable, and is a practi-
cal problem for home satellite reception. Depending on which frequency 
a transponder is transmitting at and on what polarisation it is using, the 
satellite receiver has to switch the LNB into one of four different modes 
in order to receive a specific desired program on a specific transponder. 
The receiver uses the DiSEqC protocol to control the LNB mode, which 
handles this. If several satellite receivers are to be attached to a single 
dish a so-called multiswitch must be used in conjunction with a special 
type of LNB. There are also LNBs available with a multiswitch already 
integrated. This problem becomes more complicated when several re-
ceivers use several dishes or several LNBs mounted in a single dish are 
aimed at different satellites.

The set-top box demodulates and converts the signals to the desired 
form (outputs for television, audio, data, etc.). Some receivers are capa-
ble of unscrambling or decrypting the received signal. These receivers 
are called integrated receiver/decoders or IRDs. The cable connecting 
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the receiver to the LNB are of the low loss type RG-6, quad shield RG-
6, or RG-11. RG-59 is not recommended for this application as it is not 
technically designed to carry frequencies above 950 MHz, but will work 
in many circumstances, depending on the quality of the coaxial wire.

5.10.1. Power Rating and Number of Transponders

At a Regional Administrative Radio Council (RARC) meeting in 1983, 
the value established for DBS was 57 dBW (Mead,2000). Transponders 
are rated by the power output of their high-power amplifiers. Typically, 
a satellite may carry 32 transponders. If all 32 are in use, each will oper-
ate at the lower power rating of 120W. The available bandwidth (uplink 
and downlink) is seen to be 500 MHz. A total number of 32 transpon-
der channels, each of bandwidth 24 MHz, can be accommodated. The 
bandwidth is sometimes specified as 27 MHz, but this includes a 3-MHz 
guardband allowance. Therefore, when calculating bit-rate capacity, the 
24 MHz value is used. The total of 32 transponders requires the use of 
both right- hand circular polarization (RHCP) and left-hand circular polar-
ization (LHCP) in order to permit frequency reuse, and guard bands are 
inserted between channels of a given polarization.

Figure 5.19. DBS Service.
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5.10.2. Bit Rates for Digital Television
The bit rate for digital television depends very much on the picture 

format. One way of estimating the uncompressed bit rate is to multiply 
the number of pixels in a frame by the number of frames per second, and 
multiply this by the number of bits used to encode each pixel.

5.10.3. MPEG Compression Standards
The Moving Picture Experts Group (MPEG) is a working group of 

authorities that was formed by ISO and IEC to set standards for audio 
and video compression and transmission. It was established in 1988 by 
the initiative of Hiroshi Yasuda (Nippon Telegraph and Telephone) and 
Leonardo Chiariglione, group Chair since its inception. The first MPEG 
meeting was in May 1988 in Ottawa, Canada Most physical entities con-
vey some type of “information” and need a fixed number of parameters 
towards this purpose. In many instances however, this fixed number is 
prohibitively large for storage and transmission purposes. The compres-
sion process attempts to represent the entity by employing fewer than 
the total set of parameters. The compression technique can be divided 
into two parts.

(i) LosslessCompression.(ii)LossyCompression.
If all the information is conveyed using the subset of the parameters, 

the compression is called lossless. On the other hand, if less than the 
complete information is conveyed, it is termed lossy compression.

Video signals are spatio-temporal signals or simply stated, a se-
quence of time varying images. The information they convey is “visual”. 
A monochromatic still image can be mathematically represented by x 
(h,v), where x is the intensity value at the horizontal location h and ver-
tical location v. The monochromatic video signal can be represented by 
x(h,v,t), where x is the intensity value at the h horizontal, v vertical and 
t temporal locations respectively. 

MPEG is a group within the International Standards Organization 
and the International Electrochemical Commission (ISO/IEC) that un-
dertook the job of defining standards for the transmission and storage of 
moving pictures and sound.
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The MPEG standards consist of different Parts. Each part covers a 
certain aspect of the whole specification. The standards also specify Pro-
files and Levels. Profiles are intended to define a set of tools that are avail-
able, and Levels define the range of appropriate values for the properties 
associated with them. Some of the approved MPEG standards were re-
vised by later amendments and/or new editions. MPEG has standard-
ized the following compression formats and ancillary standards:

•	 MPEG-1 (1993): Coding of moving pictures and associated audio for 
digital storage media at up to about 1.5 Mbit/s (ISO/IEC 11172). The first 
MPEG compression standard for audio and video. It is commonly lim-
ited to about 1.5 Mbit/s although the specification is capable of much 
higher bit rates. It was basically designed to allow moving pictures and 
sound to be encoded into the bitrate of a Compact Disc. It is used on 
Video CD and can be used for low-quality video on DVD Video. It was 
used in digital satellite/cable TV services before MPEG-2 became wide-
spread. To meet the low bit requirement, MPEG-1 down samples the im-
ages, as well as uses picture rates of only 24–30 Hz, resulting in a mod-
erate quality.[16] It includes the popular MPEG-1 Audio Layer III (MP3) 
audio compression format.

•	 MPEG-2 (1995): Generic coding of moving pictures and associated au-
dio information (ISO/IEC 13818). Transport, video and audio standards 
for broadcast-quality television. MPEG-2 standard was considerably 
broader in scope and of wider appeal – supporting interlacing and high 
definition. MPEG-2 is considered important because it has been cho-
sen as the compression scheme for over-the-air digital television ATSC, 
DVB and ISDB, digital satellite TV services like Dish Network, digital 
cable television signals, SVCD and DVD Video.[16] It is also used on Blu-
ray Discs, but these normally use MPEG-4 Part 10 or SMPTE VC-1 for 
high-definition content.

•	 MPEG-3: MPEG-3 dealt with standardizing scalable and 
multi-resolution compression[16] and was intended for HDTV compres-
sion but was found to be redundant and was merged with MPEG-2; as 
a result there is no MPEG-3 standard.[16][17] MPEG-3 is not to be confused 
with MP3, which is MPEG-1 or MPEG-2 Audio Layer III.
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•	 MPEG-4 (1998): Coding of audio-visual objects. (ISO/IEC 14496) 
MPEG-4 uses further coding tools with additional complexity to achieve 
higher compression factors than MPEG-2. In addition to more efficient 
coding of video, MPEG-4 moves closer to computer graphics applica-
tions. In more complex profiles, the MPEG-4 decoder effectively be-
comes a rendering processor and the compressed bit stream describes 
three-dimensional shapes and surface texture. MPEG-4 supports Intel-
lectual Property Management and Protection (IPMP), which provides 
the facility to use proprietary technologies to manage and protect con-
tent like digital rights management.[19] It also supports MPEG-J, a fully 
programmatic solution for creation of custom interactive multimedia 
applications (Java application environment with a Java API) and many 
other features. Several new higher-efficiency video standards (newer 
than MPEG-2 Video) are included, notably: 

o MPEG-4 Part 2 (or Simple and Advanced Simple Profile) and
o MPEG-4 AVC (or MPEG-4 Part 10 or H.264). MPEG-4 AVC may 

be used on HD DVD and Blu-ray Discs, along with VC-1 and 
MPEG-2.

MPEG-4 has been chosen as the compression scheme for over-the-
air in Brazil (ISDB-TB), based on original digital television from Japan 
(ISDB-T).[23]

In addition, the following standards, while not sequential advances 
to the video encoding standard as with MPEG-1 through MPEG-4, are 
referred to by similar notation:

•	 MPEG-7 (2002): Multimedia content description interface. (ISO/IEC 
15938)

•	 MPEG-21 (2001): Multimedia framework (MPEG-21). (ISO/IEC 
21000) MPEG describes this standard as a multimedia framework 
and provides for intellectual property management and protec-
tion. Moreover, more recently than other standards above, MPEG 
has started following international standards; each of the stan-
dards holds multiple MPEG technologies for a way of applica-
tion.[24][25][26][27][28] (For example, MPEG-A includes a number of 
technologies on multimedia application format.)
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•	 MPEG-A (2007): Multimedia application format (MPEG-A). (ISO/
IEC 23000) (e.g., Purpose for multimedia application formats,[29] 
MPEG music player application format, MPEG photo player ap-
plication format and others)

•	 MPEG-B (2006): MPEG systems technologies. (ISO/IEC 23001) (e.g., 
Binary MPEG format for XML, Fragment Request Units, Bit-
stream Syntax Description Language (BSDL) and others)

•	 MPEG-C (2006): MPEG video technologies. (ISO/IEC 23002) (e.g., 
Accuracy requirements for implementation of integer-output 8x8 
inverse discrete cosine transform[31] and others)

•	 MPEG-D (2007): MPEG audio technologies. (ISO/IEC 23003) (e.g., 
MPEG Surround, SAOC-Spatial Audio Object Coding and US-
AC-Unified Speech and Audio Coding)

•	 MPEG-E (2007): Multimedia Middleware. (ISO/IEC 23004) (a.k.a. 
M3W) (e.g., Architecture, Multimedia application programming 
interface (API), Component model and others)

•	 Supplemental media technologies (2008). (ISO/IEC 29116) Part 1: 
Media streaming application format protocols will be revised in 
MPEG-M; Part 4 – MPEG extensible middleware (MXM) protocols. 

•	 MPEG-V (2011): Media context and control. (ISO/IEC 23005) (a.k.a. 
Information exchange with Virtual Worlds) (e.g., Avatar charac-
teristics, Sensor information, Architecture and others)

•	 MPEG-M (2010): MPEG eXtensible Middleware (MXM). (ISO/IEC 
23006) (e.g., MXM architecture and technologies, API, MPEG ex-
tensible middleware (MXM) protocols)

•	 MPEG-U (2010): Rich media user interfaces. (ISO/IEC 23007)[44][45] 
(e.g., Widgets)

•	 MPEG-H (2013): High Efficiency Coding and Media Delivery in Hetero-
geneous Environments. (ISO/IEC 23008) Part 1 – MPEG media trans-
port; Part 2 – High Efficiency Video Coding; Part 3 – 3D Audio.

•	 MPEG-DASH (2012): Information technology – Dynamic adaptive 
streaming over HTTP (DASH). (ISO/IEC 23009) Part 1 – Media 
presentation description and segment formats.
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5.11. Direct to Home Broadcast (DTH)
The DTH (Direct To Home) service is basically a digital satellite ser-

vice that provides satellite television programming directly to subscrib-
ers home anywhere in the country. Since it employs wireless technology, 
the television programs are transmitted to the subscriber’s television di-
rectly from the satellite. This service does not involve the usage of cables 
and any other wiring infrastructure. In direct-to-home (DTH) telecast, 
TV channels / programmers are directly distributed via satellite to the 
subscribers’ homes without the intervention of a cable operator. The sig-
nals are transmitted in Ku band (10.7 GHz to 18 GHz) and are received 
by the subscribers through a small dish antenna (about 45cm in dia.) and 
a set-top box (or an integrated receiver decoder).

The DTH system can also provide many value-added services such 
as the Internet, e-mail, data casting, e-commerce, and interactive multi-
media. It has the provision for a subscriber management system simi-
lar to the one for conditional access system (CAS).The DVB core system 
Generally, a digital video broadcasting (DVB) system valid for all media 
carries a   flexible combination of MPEG-2 video, audio, and data using 
the common MPEG-2 transport stream multiplex. The common service 
information system gives details of the programmes. Modulation and 
additional channel coding system, if any, are chosen to meet the require-
ments of different transmission media. A common scrambling system 
and a common conditional access interface are available. DVB-S is the 
DVB standard for satellite delivery. It is an extension of MPEG-2 stan-
dard with specific instructions for implementing the satellite links. This 
standard is widely adopted.

A DTH network comprises of a broadcasting centre, satellites, en-
coders, multiplexers, DTH receivers and others. A DTH service provider 
is required to lease Ku-band transponders from the satellite. The func-
tion of encoder is to convert the audio, video and data signals into the 
digital signals. These digital signals are then mixed by multiplexer. On 
the receiving end at user home, the set up includes a small Dish Antenna 
and Set-Top Boxes which decode these signals and convert them back 
to audio, video and data signals. Some of the popular DTH providers in 
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India include Tata Sky, Airtel Digital, Videocon D2H, Sun Direct, Dish 
TV, Big TV and others.

FEATURES of DTH
DTH services offer exceptional picture and sound compared to any 

other picture quality worldwide. It has become possible to experience the 
excellent quality live concerts, home theatres, daily television program-
ming and surround sound from the comfort of home due to DTH services.

Viewers can enjoy the modern movie theatre like viewing experi-
ence at their home. This service is especially significant and valuable in 
those remote and difficult to reach areas where the cable infrastructure is 
not present and there are no terrestrial television services existed.

DTH services allow the viewers to only pay for the channels and 
services they want to use. Thus, viewers can select from the list of dy-
namic program packages as per their preference. This feature is in sharp 
contrast to the services provided by cable operators where one makes 
payment for all the channels offered by them.

DTH provides Advanced Viewing Control Features such as the Elec-
tronic Program Guide (EPG) that allows the viewers to check current 
and future programs on all channels. The presence of Parental Lock, Pre-
booked Pay-Per-View and Impulse Pay-Per-View features truly makes it 
an extra ordinary and comfortable service available at the home.

· DTH services provide amazing DVD sound quality that includes 
MPEG4 with DVB-S2 digital transmission that has the provision of HD 
quality. Customers can also enjoy various enhanced interactive services 
such as Internet access, Movie on demand, etc.

Things to consider for buying DTH services
· Before purchasing any DTH service provider plans, one should 

check the reception quality in his/her area. The improved and better 
signal strength leads to high quality reception.

· Most of the DTH service providers offer competitive plans and 
packages. Almost, every DTh service provider offer special packs for the 
southern region, packs designed for regional language channels, small 
packs of few channels, Mega Package for all the channels, etc.
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· Customer should make the list of channels that he/she wants to 
view and then select the plan or package that provides these channels 
at the competitive price. It is important to get desired combination of 
channels rather than the number of channels available in a pack. Direct 
To Home (DTH) has emerged as the good substitute to cable TV system. 
It does not require any cable running through the streets and highways. 
There is extensive implementation of Conditional Access System (CAS) 
across the country that makes it suitable alternative to cable system.

· There are many DTH service providers in the market and one has 
to carefully select the service provider after considering the various fac-
tors such as transmission in inclement weather, picture quality, plans & 
packages, package pricing and other value added services.

. DTH is defined as the reception of satellite programmes with a per-
sonal dish in an individual home.

DTH Broadcasting to home TV receivers take place in the ku band(12 
GHz). This service is known as Direct To Home service. DTH services 
were first proposed in India in 1996. Finally, in 2000, DTH was allowed. 
The new policy requires all operators to set up earth stations in India. 

Working principal of DTH is the satellite communication. Broad-
caster modulates the received signal and transmit it to the satellite in KU 
Band and from satellite one can receive signal by dish and set top box.

Figure 5.20. Dth Technology.
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For a DTH network to be transmitted and received, the following 
components are needed.

•	 Broadcasting Centre

•	 Satellites

•	 Encoders

•	 Multiplexers

•	 Modulators

•	 DTH receivers

It must be noted the channels that are broadcasted from the broad-
casting centre hare not created by the DTH providers. The DTH provid-
ers pay other companies like HBO, Sony MAX and so on for the right to 
broadcast their channel to the DTH consumers through satellite. Thus 
the DTH provider acts as a mediator r broker between the consumers 
and the programme channels.

The broadcast centre is the main part of the whole system. It is from 
the broadcast station that the signals are sent to the satellites to be broad-
casted. The broadcast station receives the signals from various program 
channels.

The satellite receives the signal from the broadcast centre and com-
presses the signals and makes them suitable for re-transmission to the 
ground. The DTH providers give dish receivers for the viewers to re-
ceive the signal from the satellites. There may be one or multiple satel-
lites that send the signals at the same time. The receiver receives the sig-
nal from them and is passed on to the Set Top Box [STB] receiver in the 
viewer’s house. The STB receiver changes the signal in a form suitable 
for our television and then passes it on to our TV.

5.11.1. DTH Block Diagram

•	 A DTH network consists of a broadcasting centre, satellites, en-
coders, multiplexers, modulators and DTH receivers 

•	 The encoder converts the audio, video and data signals into the 
digital format and the multiplexer mixes these signals. 
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It is used to provide the DTH service in high populated area A Multi 
Switch is basically a box that contains signal splitters and A/B switches. 
Outputs of group of DTH LNBs are connected to the A and B inputs of 
the Multi Switch.

Figure 5.21. DTH Service.

5.11.2. Advantages of DTH Technology
•	 DTH offers digital quality signals which do not degrade the pic-

ture or sound quality. 
•	 It also offers interactive channels and program guides with cus-

tomers having the choice to block out programming which they 
consider undesirable

•	 One of the great advantages of the cable industry has been the abil-
ity to provide local channels, but this handicap has been overcome.

•	 The other advantage of DTH is the availability of satellite broad-
cast in rural and semi-urban areas where cable is difficult to install. 

•	 The main advantage is that this technology is equally beneficial 
to everyone. As the process is wireless, this system can be used in 
all remote or urban areas.

•	 High quality audio and video which are cost effective due to ab-
sence of mediators.

•	 Almost 4000 channels can be viewed along with 2000 radio chan-
nels. Thus the world’s entire information including news and en-
tertainment is available to you at home.
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•	 As there are no mediators, a complaint can be directly expressed 
to the provider.

•	 With a single DTH service you will be able to use digital quality 
audio, video and also high speed broadband.

5.11. Digital Audio Broadcast (DAB) 
Digital Audio Broadcasting (DAB) is a digital radio technology for 

broadcasting radio stations, used in several countries across Europe and 
Asia Pacific.Audio quality varies depending on the bitrate used and au-
dio material. Most stations use a bit rate of 128 kbit/s or less with the 
MP2 audio codec, which requires 160 kbit/s to achieve perceived FM 
quality. 128 kbit/s gives better dynamic range or signal-to-noise ratio 
than FM radio, but a more smeared stereo image, and an upper cut-off 
frequency of 14 kHz, corresponding to 15 kHz of FM radio. However, 
“CD sound quality” with MP2 is possible “with 256..192 kbps”.

An upgraded version of the system was released in February 2007, 
which is called DAB+. DAB is not forward compatible with DAB+, which 
means that DAB-only receivers are not able to receive DAB+ broadcasts.
[5] However, broadcasters can mix DAB and DAB+ programs inside the 
same transmission and so make a progressive transition to DAB+. DAB+ 
is approximately twice as efficient as DAB due to the adoption of the 
AAC+ audio codec, and DAB+ can provide high quality audio with 
bit rates as low as 64 kbit/s.[6] Reception quality is also more robust on 
DAB+ than on DAB due to the addition of Reed-Solomon error correc-
tion coding.

In spectrum management, the bands that are allocated for public 
DAB services, are abbreviated with T-DAB, where the “T” stands for 
terrestrial.

More than 20 countries provide DAB transmissions, and several 
countries, such as Australia, Italy, Malta, Switzerland, The Netherlands 
and Germany,[7] are transmitting DAB+ stations. See Countries using 
DAB/DMB. However, DAB radio has still not replaced the old FM sys-
tem in popularity.
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Bands and Modes
DAB uses a wide-bandwidth broadcast technology and typically 

spectra have been allocated for it in Band III (174–240 MHz) and L band 
(1452–1492 MHz), although the scheme allows for operation almost any-
where above 30 MHz. The US military has reserved L-Band in the USA 
only, blocking its use for other purposes in America, and the United 
States has reached an agreement with Canada to restrict L-Band DAB to 
terrestrial broadcast to avoid interference.

DAB has a number of country specific transmission modes (I, II, III 
and IV). For worldwide operation a receiver must support all 4 modes:

•	 Mode I for Band III, Earth
•	 Mode II for L-Band, Earth and satellite
•	 Mode III for frequencies below 3 GHz, Earth and satellite
•	 Mode IV for L-Band, Earth and satellite.

Protocol Stack
From an OSI model protocol stack viewpoint, the technologies used 

on DAB inhabit the following layers: the audio codec inhabits the pre-
sentation layer. Below that is the data link layer, in charge of statisti-
cal time division multiplexing and frame synchronization. Finally, the 
physical layer contains the error-correction coding, OFDM modulation, 
and dealing with the over-the-air transmission and reception of data. 
Some aspects of these are described below.

DAB Project is an industry-led consortium of over 300 companies
•	 The DAB Project was launched on 10th September, 1993 
•	 In 1995 it was basically finished and became operational 
•	 There are several sub-standards of the DAB standard DAB-S (Sat-

ellite) – using QPSK – 40 Mb/s 
DAB-T (Terrestrial) – using QAM – 50 Mb/s o 
DAB-C (Cable) – using OFDM – 24 Mb/s 
•	 These three sub-standards basically differ only in the specifica-

tions to the physical representation, modulation, transmission 
and reception of the signal. 
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•	 The DAB stream consists of a series of fixed length packets which 
make up a Transport Stream (TS). The packets support ‘streams’ 
or ‘data sections’. 

•	 Streams carry higher layer packets derived from an MPEG stream 
& Data sections are blocks of data carrying signaling and control 
data. 

DAB is actually a support mechanism for MPEG.& One MPEG 
stream needing higher instantaneous data can ‘steal’ capacity from an-
other with spare capacity

History
DAB has been under development since 1981 at the Institut für 

Rundfunktechnik (IRT). In 1985 the first DAB demonstrations were held 
at the WARC-ORB in Geneva and in 1988 the first DAB transmissions 
were made in Germany. Later DAB was developed as a research project 
for the European Union (EUREKA), which started in 1987 on initiative 
by a consortium formed in 1986. The MPEG-1 Audio Layer II (“MP2”) 
codec was created as part of the EU147 project. DAB was the first stan-
dard based on orthogonal frequency division multiplexing (OFDM) 
modulation technique, which since then has become one of the most 
popular transmission schemes for modern wideband digital communi-
cation systems.

A choice of audio codec, modulation and error-correction coding 
schemes and first trial broadcasts were made in 1990. Public demonstra-
tions were made in 1993 in the United Kingdom. The protocol specifi-
cation was finalized in 1993 and adopted by the ITU-R standardization 
body in 1994, the European community in 1995 and by ETSI in 1997. 
Pilot broadcasts were launched in several countries in 1995.

The UK was the first country to receive a wide range of radio sta-
tions via DAB. Commercial DAB receivers began to be sold in 1999 and 
over 50 commercial and BBC services were available in London by 2001.

By 2006, 500 million people worldwide were in the coverage area 
of DAB broadcasts, although by this time sales had only taken off in the 
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United Kingdom and Denmark. In 2006 there were approximately 1,000 
DAB stations in operation worldwide. 

The standard was coordinated by the European DAB forum, formed 
in 1995 and reconstituted to the World DAB Forum in 1997, which rep-
resents more than 30 countries. In 2006 the World DAB Forum became 
the World DMB Forum which now presides over both the DAB and 
DMB standard.

In October 2005, the World DMB Forum instructed its Technical 
Committee to carry out the work needed to adopt the AAC+ audio co-
dec and stronger error correction coding. This work led to the launch of 
the new DAB+ system.

Technology
Bands and Modes
DAB uses a wide-bandwidth broadcast technology and typically 

spectra have been allocated for it in Band III (174–240 MHz) and L band 
(1452–1492 MHz), although the scheme allows for operation almost any-
where above 30 MHz. The US military has reserved L-Band in the USA 
only, blocking its use for other purposes in America, and the United 
States has reached an agreement with Canada to restrict L-Band DAB to 
terrestrial broadcast to avoid interference.

DAB has a number of country specific transmission modes (I, II, III 
and IV). For worldwide operation a receiver must support all 4 modes:

•	 Mode I for Band III, Earth
•	 Mode II for L-Band, Earth and satellite
•	 Mode III for frequencies below 3 GHz, Earth and satellite
•	 Mode IV for L-Band, Earth and satellite.

Protocol Stack
From an OSI model protocol stack viewpoint, the technologies used 

on DAB inhabit the following layers: the audio codec inhabits the pre-
sentation layer. Below that is the data link layer, in charge of statisti-
cal time division multiplexing and frame synchronization. Finally, the 
physical layer contains the error-correction coding, OFDM modulation, 
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and dealing with the over-the-air transmission and reception of data. 
Some aspects of these are described below.

Audio Codec
The older version of DAB that is being used in Denmark, Ireland*, 

Norway*, Switzerland* and the UK, uses the MPEG-1 Audio Layer 2 au-
dio codec, which is also known as MP2 due to computer files using those 
characters for their file extension. 

The new DAB+ standard has adopted the HE-AAC version 2 audio 
codec, commonly known as AAC+ or aacPlus. AAC+ is approximately 
three-times more efficient than MP2, which means that broadcasters us-
ing DAB+ will be able to provide far higher audio quality or far more 
stations than they can on DAB, or, as is most likely, a combination of 
both higher audio quality and more stations will be provided.

One of the most important decisions regarding the design of a dig-
ital radio system is the choice of which audio codec to use, because the 
efficiency of the audio codec determines how many radio stations can be 
carried on a multiplex at a given level of audio quality. The capacity of a 
DAB multiplex is fixed, so the more efficient the audio codec is, the more 
stations can be carried, and vice versa. Similarly, for a fixed bit-rate level, 
the more efficient the audio codec is the higher the audio quality will be.

Error-Correction Coding
Error-correction coding (ECC) is an important technology for a dig-

ital communication system because it determines how robust the recep-
tion will be for a given signal strength - stronger ECC will provide more 
robust reception than a weaker form.

The old version of DAB uses punctured convolutional coding for 
its ECC. The coding scheme uses unequal error protection (UEP), which 
means that parts of the audio bit-stream that are more susceptible to 
errors causing audible disturbances are provided with more protection 
(i.e. a lower code rate) and vice versa. However, the UEP scheme used 
on DAB results in there being a grey area in between the user experi-
encing good reception quality and no reception at all, as opposed to the 
situation with most other wireless digital communication systems that 
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have a sharp “digital cliff”, where the signal rapidly becomes unusable 
if the signal strength drops below a certain threshold. When DAB listen-
ers receive a signal in this intermediate strength area they experience a 
“burbling” sound which interrupts the playback of the audio.

The new DAB+ standard has incorporated Reed-Solomon ECC as an 
“inner layer” of coding that is placed around the byte interleaved audio 
frame but inside the “outer layer” of convolutional coding used by the 
older DAB system, although on DAB+ the convolutional coding uses 
equal error protection (EEP) rather than UEP since each bit is equally 
important in DAB+. This combination of Reed-Solomon coding as the 
inner layer of coding, followed by an outer layer of convolutional cod-
ing - so-called “concatenated coding” - became a popular ECC scheme 
in the 1990s, and NASA adopted it for its deep-space missions. One 
slight difference between the concatenated coding used by the DAB+ 
system and that used on most other systems is that it uses a rectangular 
byte interleaver rather than Forney interleaving in order to provide a 
greater interleaver depth, which increases the distance over which error 
bursts will be spread out in the bit-stream, which in turn will allow the 
Reed-Solomon error decoder to correct a higher proportion of errors.

The ECC used on DAB+ is far stronger than is used on DAB, which, 
with all else being equal (i.e. if the transmission powers remained the 
same), would translate into people who currently experience reception 
difficulties on DAB receiving a much more robust signal with DAB+ 
transmissions. It also has a far steeper “digital cliff”, and listening tests 
have shown that people prefer this when the signal strength is low com-
pared to the shallower digital cliff on DAB. 

Modulation
Immunity to fading and inter-symbol interference (caused by mul-

tipath propagation) is achieved without equalization by means of the 
OFDM and DQPSK modulation techniques. For details, see the OFDM 
system comparison table.

Using values for the most commonly used transmission mode on 
DAB, Transmission Mode I (TM I), the OFDM modulation consists of 
1,536 subcarriers that are transmitted in parallel. The useful part of 
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the OFDM symbol period is 1 millisecond, which results in the OFDM 
subcarriers each having a bandwidth of 1 kHz due to the inverse rela-
tionship between these two parameters, and the overall OFDM chan-
nel bandwidth is 1,537 kHz. The OFDM guard interval for TM I is 246 
microseconds, which means that the overall OFDM symbol duration 
is 1.246 milliseconds. The guard interval duration also determines the 
maximum separation between transmitters that are part of the same sin-
gle-frequency network (SFN), which is approximately 74 km for TM I.

Single-Frequency Networks
OFDM allows the use of single-frequency networks (SFN), which 

means that a network of transmitters can provide coverage to a large 
area - up to the size of a country - where all transmitters use the same 
transmission frequency. Transmitters that are part of an SFN need to 
be very accurately synchronized with other transmitters in the network, 
which requires the transmitters to use very accurate clocks.

When a receiver receives a signal that has been transmitted from 
the different transmitters that are part of an SFN, the signals from the 
different transmitters will typically have different delays, but to OFDM 
they will appear to simply be different multipaths of the same signal. 
Reception difficulties can arise, however, when the relative delay of 
multipaths exceeds the OFDM guard interval duration, and there are 
frequent reports of reception difficulties due to this issue when there is a 
lift, such as when there’s high pressure, due to signals travelling farther 
than usual, and thus the signals are likely to arrive with a relative delay 
that is greater than the OFDM guard interval.

Low power gap-filler transmitters can be added to an SFN as and 
when desired in order to improve reception quality, although the way 
SFNs have been implemented in the UK up to now they have tended to 
consist of higher power transmitters being installed at main transmitter 
sites in order to keep costs down.

Bit Rates
An ensemble has a maximum bit rate that can be carried, but this 

depends on which error protection level is used. However, all DAB mul-
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tiplexes can carry a total of 864 “capacity units”. The number of capacity 
units, or CU, that a certain bit-rate level requires depends on the amount 
of error correction added to the transmission, as described above. In the 
UK, most services transmit using ‘protection level three’, which provides 
an average ECC code rate of approximately ½, equating to a maximum 
bit rate per multiplex of 1184 kbit/s.

Services and Ensembles
Various different services are embedded into one ensemble (which 

is also typically called a multiplex). These services can include:
•	 Primary services, like main radio stations
•	 Secondary services, like additional sports commentaries
•	 Data services 

o Electronic Programmed Guide (EPG)
o Collections of HTML pages and digital images (Known as 

‘Broadcast Web Sites’)
o Slideshows, which may be synchronized with audio broad-

casts. For example, a police appeal could be broadcast with 
the e-fit of a suspect or CCTV footage.

o Video
o Java Platform Applications
o IP tunneling
o Other raw data

DAB and AM/FM Compared
Traditionally radio programmes were broadcast on different fre-

quencies via AM and FM, and the radio had to be tuned into each fre-
quency, as needed. This used up a comparatively large amount of spec-
trum for a relatively small number of stations, limiting listening choice. 
DAB is a digital radio broadcasting system that through the application 
of multiplexing and compression combines multiple audio streams onto 
a relatively narrow band centred on a single broadcast frequency called 
a DAB ensemble.
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Within an overall target bit rate for the DAB ensemble, individu-
al stations can be allocated different bit rates. The number of channels 
within a DAB ensemble can be increased by lowering average bit rates, 
but at the expense of the quality of streams. Error correction under the 
DAB standard makes the signal more robust but reduces the total bit 
rate available for streams.

FM HD Radio Versus DAB
Some countries have implemented Eureka-147 Digital Audio Broad-

casting (DAB). DAB broadcasts a single station that is approximately 
1500 kilohertz wide (~1000 kilobits per second). That station is then sub-
divided into multiple digital streams of between 9 and 12 programs. In 
contrast FM HD Radio shares its digital broadcast with the traditional 
200 kilohertz-wide channels, with capability of 300 kbit/s per station 
(pure digital mode).

The first generation DAB uses the MPEG-1 Audio Layer II (MP2) au-
dio codec which has less efficient compression than newer codecs. The 
typical bitrate for DAB programs is only 128 kbit/s and as a result most 
radio stations on DAB have a lower sound quality than FM, prompting a 
number of complaints among the audiophile community.As with DAB+ 
or T-DMB in Europe, FM HD Radio uses a codec based upon the MPEG-
4 HE-AAC standard.

HD Radio is proprietary system from the company Ibiquity. DAB is 
an open standard deposited at ETSI.

Benefits of DAB
Current AM and FM terrestrial broadcast technology is well estab-

lished, compatible, and cheap to manufacture. Benefits of DAB over an-
alogue systems are explained below.

Improved Features for Users
DAB radios automatically tune to all the available stations, offer-

ing a list for the user to select from.DAB can carry “radiotext” (in DAB 
terminology, Dynamic Label Segment, or DLS) from the station giving re-
al-time information such as song titles, music type and news or traffic 
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updates. Advance programme guides can also be transmitted. A similar 
feature also exists on FM in the form of the RDS. (However, not all FM 
receivers allow radio stations to be stored by name.)

DAB receivers can display time of day as encoded into transmis-
sions, so is automatically corrected when travelling between time zones 
and when changing to or from Daylight Saving. This is not implemented 
on all receivers, and some display time only when in “Standby” mode. 
Some radios offer a pause facility on live broadcasts, caching the broad-
cast stream on local flash memory, although this function is limited.

More Stations
DAB is not more bandwidth efficient than analogue measured in 

programmes per MHz of a specific transmitter (the so-called link spectral 
efficiency). It is less susceptible to co-channel interference (cross talk), 
which makes it possible to reduce the reuse distance, i.e. use the same 
radio frequency channel more densely. The system spectral efficiency 
(the average number of radio programmes per MHz and transmitter) is 
a factor three more efficient than analogue FM for local radio stations, 
as can be seen in the above numerical example. For national and region-
al radio networks, the efficiency is improved by more than an order of 
magnitude due to the use of SFNs. In that case, adjacent transmitters use 
the same frequency.

In certain areas – particularly rural areas – the introduction of DAB 
gives radio listeners a greater choice of radio stations. For instance, in 
South Norway, radio listeners experienced an increase in available sta-
tions from 6 to 21 when DAB was introduced in November 2006.

Reception Quality
The DAB standard integrates features to reduce the negative con-

sequences of multipath fading and signal noise, which afflict existing 
analogue systems.

Also, as DAB transmits digital audio, there is no hiss with a weak 
signal, which can happen on FM. However, radios in the fringe of a DAB 
signal, can experience a “bubbling mud” sound interrupting the audio 
and/or the audio cutting out altogether.
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Due to sensitivity to doppler shift in combination with multipath 
propagation, DAB reception range (but not audio quality) is reduced 
when travelling speeds of more than 120 to 200 km/h, depending on 
carrier frequency. 

Less Undocumented Station Interference
The specialised nature and cost of DAB broadcasting equipment 

provide barriers to undocumented stations broadcasting on DAB. In cit-
ies such as London with large numbers of undocumented radio stations 
broadcasting on FM, this means that some stations can be reliably re-
ceived via DAB in areas where they are regularly difficult or impossible 
to receive on FM due to undocumented radio interference.

Variable Bandwidth
Mono talk radio, news and weather channels and other non-music 

programs need significantly less bandwidth than a typical music radio 
station, which allows DAB to carry these programmes at lower bit rates, 
leaving more bandwidth to be used for other programs.

Transmission Costs
It is common belief that DAB is more expensive to transmit than FM. 

It is true that DAB uses higher frequencies than FM and therefore there 
is a need to compensate with more transmitters, higher radiated pow-
ers, or a combination, to achieve the same coverage. However, the last 
couple of years has seen significant improvement in power efficiency for 
DAB-transmitters.

This efficiency originates from the ability a DAB network has in 
broadcasting more channels per network. One network can broadcast 
6-10 channels (with MPEG audio codec) or 10-16 channels (with HE 
AAC codec). Hence, it is thought that the replacement of FM-radios and 
FM-transmitters with new DAB-radios and DAB-transmitters will not 
cost any more as opposed to newer FM facilities. 

Lower transmission costs are supported by independent network 
studies from Teracom (Sweden) and SSR/SRG (Switzerland).[citation needed] 
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Among other things they show that DAB is as low as one-sixth of the 
cost of FM transmission.

Disadvantages of DAB
Reception Quality
The reception quality on DAB can be poor even for people who live 

well within the coverage area. The reason for this is that the old version 
of DAB uses weak error correction coding, so that when there are a lot 
of errors with the received data not enough of the errors can be correct-
ed and a “bubbling mud” sound occurs. In some cases a complete loss 
of signal can happen. This situation will be improved upon in the new 
DAB standard (DAB+, discussed below) that uses stronger error correc-
tion coding and as additional transmitters are built.

Audio Quality
Broadcasters have been criticized for ‘squeezing in’ more stations 

per ensemble than recommended by:
•	 Minimizing the bit-rate, to the lowest level of sound-quality that 

listeners are willing to tolerate, such as 112 kbit/s for stereo and 
even 48 kbit/s for mono speech radio such as LBC 1152 and the 
Voice of Russia.

•	 Having few digital channels broadcasting in stereo.

Signal Delay
The nature of a SFN is such that the transmitters in a network must 

broadcast the same signal at the same time. To achieve synchronization, 
the broadcaster must counter any differences in propagation time in-
curred by the different methods and distances involved in carrying the 
signal from the multiplexer to the different transmitters. This is done 
by applying a delay to the incoming signal at the transmitter based on 
a timestamp generated at the multiplexer, created taking into account 
the maximum likely propagation time, with a generous added margin 
for safety. Delays in the receiver due to digital processing (e.g. deinter-
leaving) add to the overall delay perceived by the listener. The signal is 
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delayed by 2–4 seconds depending on the decoding circuitry used. This 
has disadvantages:

•	 DAB radios are out of step with live events, so the experience 
of listening to live commentaries on events being watched is im-
paired;

•	 Listeners using a combination of analogue (AM or FM) and DAB 
radios (e.g. in different rooms of a house) will hear a confusing 
mixture when both receivers are within earshot.

Time signals, on the contrary, are not a problem in a well-defined 
network with a fixed delay. The DAB multiplexer adds the proper offset 
to the distributed time information. The time information is also inde-
pendent from the (possibly varying) audio decoding delay in receivers 
since the time is not embedded inside the audio frames. This means that 
built in clocks in receivers will be spot on.

Coverage
As DAB is at a relatively early stage of deployment, DAB coverage 

is poor in nearly all countries in comparison to the high population cov-
erage provided by FM.An exception is Norway, as the country will have 
99.5% coverage by the end of 2014.

Compatibility
In 2006 tests began using the much improved HE-AAC codec for 

DAB+. Virtually none of the receivers made before 2008 support the new 
codec, however, thus making them partially obsolete once DAB+ broad-
casts begin and completely obsolete once the old MPEG-1 Layer 2 sta-
tions are switched off. New receivers are both DAB and DAB+ compati-
ble; however, the issue is exacerbated by some manufacturers disabling 
the DAB+ features on otherwise compatible radios to save on licensing 
fees when sold in countries without current DAB+ broadcasts.

Power Requirements
As DAB requires digital signal processing techniques to convert 

from the received digitally encoded signal to the analogue audio con-
tent, the complexity of the electronic circuitry required to do this is high-
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er. This translates into needing more power to effect this conversion 
than compared to an analogue FM to audio conversion, meaning that 
portable receiving equipment will tend to have a shorter battery life, or 
require higher power (and hence more bulk). This means that they use 
more energy than analogue Band II VHF receivers.

As an indicator of this increased power consumption, some radio 
manufacturers quote the length of time their receivers can play on a sin-
gle charge. For a commonly used FM/DAB-receiver from manufacturer 
PURE, this is stated as: DAB 10 hours, FM 22 hours.

Use of Licensed Codecs
The use of MPEG previously and later AAC has prompted criticism 

of the fact that a (large) public system is financially supporting a pri-
vate company. In general, an open system will permit equipment to be 
bought from various sources in competition with each other but by se-
lecting a single vendor of codec, with which all equipment must be com-
patible, this is not possible.

FM radio switch-off
Norway is the only country that has announced a complete switch-

off of FM radio stations. Switch off will start on 11 January 2017.At the 
“WorldDMB seminar” held in Riva del Garda - Italy, 14 April 2013, it 
was announced that in Norway there will be 99.5% DAB coverage by 
2014, and that the country is planning to switch-off its national and re-
gional FM radio services in 2017. There is no intention of switching off 
local FM services in Norway by that date and no subsequent date has 
been announced for such a move.

Other Nordic countries like Denmark and Sweden are evaluating a 
switch-off within 2022 .UK is considering a progressive switch-off in the 
period 2017-2022.

1.13. World Space Services 
World Space (Nasdaq: WRSP) is the world’s only global media and 

entertainment company positioned to offer a satellite radio experience to 
consumers in more than 130 countries with five billion people, driving 
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300 million cars. WorldSpace delivers the latest tunes, trends and infor-
mation from around the world and around the corner. WorldSpace sub-
scribers benefit from a unique combination of local programming, orig-
inal WorldSpace content and content from leading brands around the 
globe, including the BBC, CNN, Virgin Radio, NDTV and RFI. World-
Space’s satellites cover two-thirds of the globe with six beams. Each beam 
is capable of delivering up to 80 channels of high quality digital audio 
and multimedia programming directly to WorldSpace Satellite Radios 
anytime and virtually anywhere in its coverage area. WorldSpace is a 
pioneer of satellite-based digital radio services (DARS) and was instru-
mental in the development of the technology infrastructure used today 
by XM Satellite Radio.

WorldSpace is the first satellite Digital Radio Broadcasting system 
providing portable reception. The WorldSpace system offers a world-
wide coverage, over developing countries, using geostationnary satel-
lites, and broadcasting in L-band. The service targets are mainly under-
served radio markets, where low cost radio and radio portability are 
key. Alcatel Space was contracted in 1995 by WorldSpace for the turn-
key delivery of the entire system.

The WorldSpace system is composed of 3 medium size geostation-
ary satellites: AfriStar, launched in late 1998, covering Africa and Middle 
East, AsiaStar launched in early 2000, covering Asia, and AmeriStar™, 
to be launched in 2001, covering Latin America. Each satellite provides 
three beams of coverage (see figure 1).

In addition to the satellites, the system comprises a comprehensive 
ground infrastructure deployed on the five continents comprising vari-
ous control centers (satellite, mission and broadcast) and service provid-
ers feeder link stations.

Obviously such service needed the development of a new genera-
tion of radio receivers, available today on the market. These receivers 
are based on chipsets developed by ST Microelectronics and Micronas. 
First generation receivers are manufactured by Hitachi, JVC, Panasonic, 
Sanyo.
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Figure 5.22. WorldSpace Coverage Area.

There are currently about fifty radio programs per beam, a large 
part of them provided by well-known broadcasters, such as BBC, RFI, 
CNN, Bloomberg. In addition to audio content, WorldSpace is also pro-
viding multimedia contents, such as Direct Media Service (DMS). DMS 
provides huge amounts of the best web content, selected by the sub-
scriber, directly to the hard drive of the user’s PC, without the need for a 
telephone line. The early experience with the system has confirmed the 
sound technical choices and demonstrated excellent performance in the 
various reception conditions, portable and mobile, as well as in interfer-
ence environments.

Key Parameters of the System
The WorldSpace system is referenced as System D within ITU 

recommended systems for Broadcasting Satellite Service (Rec. ITU-R 
BO.1130). The signal audio sources are digitally coded using the ISO/
Audio MPEG 2 layer III standard, worldwide known as MP3. The dig-
itally coded source bit rates range from 16 kbps for monoral near AM 
quality to 64 kbps for stereo, FM quality. Each satellite has the capacity 
to transmit a capacity of 50 to 200 programs per beam.

The World Space system uses a TDM QPSK transmission on down-
link, including high efficiency concatenated FEC (Convolutional and 
Reed Solomon codes), well suited for satellite broadcasting. Each down-
link beam offers a link margin which helps combat typical signal losses 
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in the path between the satellite and the receiver, providing full quality 
reception.

Radio receivers in disadvantaged locations can be connected to high 
gain antennas, or to antennas located in a unobstructed positions. For 
example, reception in large buildings may need a common roof antenna 
for the entire building or an individual reception antenna near a win-
dow.

Uplink Access to the Satellite
To cope with the various broadcaster requirements, the WorldSpace 

system uses two communication missions:
•	 A processed communication mission offers the capability for all 

potential broadcasters to have a direct access from their own fa-
cilities to the satellite using a Frequency Division Multiplex Ac-
cess (FDMA) mode. Use of FDMA for the uplinks offers the high-
est possible flexibility between multiple independent Feeder Link 
stations. These Feeder Link stations for the processed mission are 
VSAT-type terminals, using small antennas, of about 2 to 3 meters 
diameter, and low power amplifiers, less than 100 W RF power.

•	 A transparent communication mission deals with time division 
transmission of bouquets of programs and with broadcasters that 
have no direct access to the satellite, for which a hub station is 
preferred.

Whatever the mission, the complete WorldSpace transmission path 
is transparent to the overall channel capacity allocated to a broadcaster, 
so that the broadcaster has full dynamic control, and may configure it at 
his discretion.

The World Space Satellites
To meet the system requirements, a specific payload design has been 

implemented by Alcatel Space on a standard Eurostar 2000+ platform 
from Matra Marconi Space (now Astrium) to form the WorldSpace sat-
ellites. These satellites are 3 axis stabilized geostationary satellites, have 
a 2.75 tons launch mass, with a 15 years maneuver lifetime. Solar arrays 
generate more than 6 kW of power.
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The WorldSpace satellite includes two communication payloads to 
cope with the two possible uplink accesses:

•	 The WorldSpace processed mission is based on the baseband 
processing concept of the satellite payload, already used on ad-
vanced technology satellites, but only recently emerging on com-
mercial programs.

•	 The WorldSpace transparent mission is based on the bent pipe 
concept of the satellite payload, widely used on commercial pro-
grams, except that it specifically uses a small frequency band with 
narrow channel bandwidth leading to a unique payload design 
for filtering and demultiplexing.

Figure 2 shows the block diagram of the satellite payload. The key 
elements of the payload are:

•	 Baseband processing: It offers higher performance than a “clas-
sical” transparent payload, with an improved link budget, and provides 
flexibility to broadcasters on the uplink. WorldSpace is the first commer-
cial satellite to use this technology.

•	 High power amplification:  RF power is 300 W for each downlink 
signal, performed with paralleling of two 150 W TWTA.

•	 L band antenna: 2 antennas offer a total of 3 spot beam coverages. 
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Figure 5.23. WorldSpace Satellite Payload Block Diagram.
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 WorldSpace Mobile Applications
The WorldSpace system was primarily tailored for portable and fixed 

reception. But the selected waveform (TDM QPSK), together with the 
high satellite EIRP also allows for straightforward mobile reception. It is 
common use to listen to the WorldSpace programs in a car with the re-
ceive antenna behind the windscreen or on the roof! Achieved availability 
is very high in rural and sub urban areas, even in Southern Europe.

To improve availability in dense urban areas suffering blockages, 
WorldSpace has extended its system to a hybrid satellite/terrestrial sys-
tem, identified as System Dh within ITU.  A complementary terrestri-
al component retransmits the satellite TDM signal using Multi-Carrier 
Modulation (MCM) in L band. MCM is a Orthogonal Frequency Division 
Multiplex technique, especially designed for multipath environment, 
allowing for Single Frequency Network, and used in digital terrestrial 
broadcasting systems, such as EU 147 DAB (ITU system A) or DVB-T. 
WorldSpace MCM has been optimized for L band mobile reception in 
high multipath environment. MCM also benefits from the same high ef-
ficiency FEC as the satellite component, compatible with any audio com-
pression scheme and data transmission. Dedicated radios receive signals 
from both satellite and terrestrial components, with seamless hand over 
between the two.

To improve the availability in conditions where only a satellite signal 
is present, WorldSpace has also incorporated a time diversity technique, 
based on the broadcasting of the same content twice but with a time 
interval of several seconds. The time interval makes the two contents 
uncorrelated with respect to blockages for mobile reception. A dedicated 
receiver is able to combine the two contents for a seamless reception.

This hybrid system has been implemented and successfully tested 
in Germany (Erlangen) and in South Africa (Pretoria), using the AfriStar 
satellite.

Business Television (BTV)
Business television (BTV) is the production and distribution, via sat-

ellite, of video programs for closed user group audiences. It often has 
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two-way audio interaction component made through a simple telephone 
line. It is being used by many industries including brokerage firms, piz-
za houses, car dealers and delivery services.

BTV is an increasingly popular method of information delivery for 
corporations and institutions. Private networks, account for about 70 
percent of all BTV networks. It is estimated that by the mid-1990s BTV 
has the potential to grow to a $1.6 billion market in North America with 
more and more Fortune 1,000 companies getting involved. The increase 
in use of BTV has been dramatic.

Institution updates, news, training, meetings and other events can 
be broadcast live to multiple locations. The expertise of the best instruc-
tors can be delivered to thousands of people without requiring trainers 
to go to the site. Information can be disseminated to all employees at 
once, not just a few at a time. Delivery to the workplace at low cost pro-
vides the access to training that has been denied lower level employees. 
It may be the key to re-training America’s work force.

Television has been used to deliver training and information with-
in businesses for more than 40 years. Its recent growth began with the 
introduction of the video cassette in the early 1970s. Even though most 
programming is produced for video cassette distribution, business is us-
ing BTV to provide efficient delivery of specialized programs via satel-
lite.

The advent of smaller receiving stations - called very small aperture 
terminals (VSATs) has made private communication networks much 
more economical to operate. BTV has a number of tangible benefits, 
such as reducing travel, immediate delivery of time-critical messages, 
and eliminating cassette duplication and distribution hassles.

The programming on BTV networks is extremely cost-effective com-
pared to seminar fees and downtime for travel. It is an excellent way to 
get solid and current information very fast. Some people prefer to attend 
seminars and conferences where they can read, see, hear and ask ques-
tions in person. BTV provides yet another piece of the education menu 
and is another way to provide professional development.
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A key advantage is that its format allows viewers to interact with 
presenters by telephone, enabling viewers to become a part of the pro-
gram. The satellite effectively places people in the same room, so that 
sales personnel in the field can learn about new products at the same 
time. Speed of transmission may well be the competitive edge which 
some firms need as they introduce new products and services. BTV en-
ables employees in many locations to focus on common problems or is-
sues that might develop into crises without quick communication and 
resolution.

BTV networks transmit information every business day on a broad 
range of topics, and provide instructional courses on various products, 
market trends, selling and motivation. Networks give subscribers the 
tools to apply the information they have to real world situations.

Educational Adaptation of BTV
The concept of BTV can be used by educational institutions in several 

ways. An institution with multiple sites can create its own network and 
deliver information as needed. The information can be administrative or 
it can be training for administrators and faculty. A second adaptation is 
to use the BTV networks that are already in place to deliver educational 
credit and non-programming directly to the workplace.

For institutions involved in literacy training, this opens an alterna-
tive route to reach workers who need basic skills, GED or ESL programs. 
Because this is effectively a new outreach program reaching a new au-
dience, it represents a new source of income for the educational system.

For institutions involved in contract and continuing education, 
seminars can be created for business and industry and delivered to the 
workers at a number of work sites. For many educational institutions, 
this will represent a new source of income.

Many other educational institutions regularly originate educational 
programming delivered via satellite. These programs can be received 
for the cost of a site reception fee which may be free in some cases, or 
cost up to $1,000. An average price is about $450 per site. Some of these 
programs are created specifically for educators and cover a wide variety 
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of subjects which are suitable as in-service training for staff and facul-
ty. When they are offered with a local component, they may provide a 
cost effective method by which training and in-service can be provided. 
When a number of sites belonging to the same organization receive the 
program, group fees may reduce the cost per site to as little as $50.

5.13. GRAMSAT
The forces of privatization and globalization prompted India to place 

high priority on developing indigenous capability to harness media for 
development. India with an active and advanced space programme for 
development has explored space technology to energize the process of 
mediated development. Armed with the experiences of satellite route to 
development, India has conceived satellite-based media intervention to 
address vital social needs. These alternative media are participatory to 
the core and are free from the clutches of regulatory authorities.

It is evident from past experiences in India, that decentralized com-
munity media are crucial for sustainable economic and social devel-
opment. One of the achievements of post liberalization era is the suc-
cessful application of space technology to deal with the problems of 
development. One such programme born out of social commitment of 
the Indian space programme is the GRAMSAT project. It is an ambi-
tious programme that democratizes the media and creates space in the 
community for the poor and impoverished at the grassroots. Though In-
dia is not new to the application of space technology for societal issues, 
GRAMSAT endeavours to overcome the inadequacies of the early at-
tempts to harness media for development.GRAMSAT  is  the  innovative  
programme  of  Indian  Space  Research Organization of taking satellite 
applications to villages, which has recast the media for pro-social needs. 
GRAMSAT was formally launched in May 2002 by the then Prime Minis-
ter, Atal Bihari Vajpayee in the State of Orissa. GRAMSAT programme is 
an initiative to provide a decentralized communications network at the 
state level connecting the state capital to districts and blocks and State 
Governments.

The networks provide computer connectivity, data broadcasting, 
TV broadcasting facilities having applications like e-governance, Na-
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tional Resource Information System (NRIS), development information, 
tele-conferencing, disaster management, tele-medicine and distance ed-
ucation. According to the Department of Space, the GRAMSAT networks 
are operational in the States of Gujarat, Karnataka, Madhya Pradesh, 
Orissa and Rajasthan. The report further states that in Andaman and 
Nicobar the  GRAMSAT network has been utilized for vocational train-
ing in multicast and multipoint video conference mode providing com-
puter education in polytechnics. In Orissa the network has been expand-
ed and upgraded for TV broadcasting to Khalahandi-Bolangir-Koraput 
region (800) and also for interactive training programmes, e-governance 
and National (Natural) Resources Information System to reach all the 
234 blocks in 30 districts. 

5.14. Genesis of GRAMSAT in India
Application of space technology to deal with the problems of edu-

cation is not new to India. As early as the 1960s Dr.Vikram Sarabhai, a 
visionary and eminent space scientist took the initiative and established 
the National Satellite Communication (NASCOM), which prepared the 
blueprint for INSAT- the Indian National Satellite. The outcome of these 
developments was the birth of India’s giant television experiment, the 
SITE- the Satellite Instructional Television Experiment that became op-
erational in 1975-76. It was undertaken as a year long experiment with 
satellite television broadcasting to provide communication support to 
education and development activities in rural parts of India. One of its 
major objectives was to improve the primary school education in rural 
areas and to provide teacher training to strengthen school education. 
SITE was the first effort to use satellite communication for communica-
tion and development. The outcome of SITE was Kheda Communications 
Project in Gujarat, which gave new perspective to the concept of devel-
opment communication. 

The impact of these projects was visible in 1995 with evolution of 
Training and Development Communication Channel-TDCC at Jhabua 
in Madhya Pradesh experimenting with talk back facility. Training and 
Developmental Communication Channel (TDCC) is an experimental 
project conceived by ISRO- Indian Space Research Organization. The 
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uniqueness of this experiment was to transform television, which till 
then was presumed to be an impersonal medium, into an interactive 
mode of communication. The project provided a one-way video and 
two-way audio system using satellite INSAT-3B. The infrastructure was 
a simple one, a one-way video and two-way audio system where as the 
teaching-end included a studio and up link facility for transmitting live 
or pre-recorded lectures. The receiving end consisted of well-equipped 
classrooms located nation-wide to receive lectures through simple dish 
antennae as well as a facility for interaction with teaching end using tele-
phone lines. The central nodal teaching facility was made available at 
Delhi, Gujarat, Madhya Pradesh, Orissa, and Karnataka States. Studies 
have indicated that TDCC system is an appropriate and cost-effective 
tool in education promoting distance education, rural development, 
health and nutrition, sanitation, women and child development, Pancha-
yats and vocational education. The studies indicate that TDCC has ben-
efited over 60,000 participants including primary school teachers and 
Panchayat members in several states. 

Interestingly, in the state of Gujarat, TDCC facility has been adopted 
to connect engineering colleges in the state. The success of TDCC led to 
the planning and implementation of Jhabua Development Communica-
tion Project in the villages of Jhabua district in Madhya Pradesh. The ex-
perience of JDCP led to the evolution of the concept of GRAMSAT- a vil-
lage satellite with the objective of connecting villages with bureaucracy.

The Jhabua Development Communication Project (JDCP) in Madhya 
Pradesh gets credit for evolving a system of satellite-based education 
and training in India. Regarded as a milestone in the history of broad-
casting, Jhabua project is a laboratory for implementing spacebridge in 
rural India. What India learnt from SITE and Kheda projects was put into 
practice at Jhabua making it a viable model of decentralized communi-
cation. The Jhabua Development Communication Project, a synthesis of 
SITE and TDCC projects is operational since 1995 covering all Panchayats 
in its district in Madhya Pradesh. Jhabua, one of the 45 districts of Mad-
hya Pradesh has a population of 1.3 million. The district has 1360 villag-
es and over 80 per cent of them have electricity. However, the literacy 
rate is very low at 14.54 percent. The JDCP established a network of 150 
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DRS- the receive terminals and one talk back terminal in each of the 12 
development blocks in the district. The receiving sets were installed at 
Panchayat office for easy access to the transmission. The project became 
operational on October 21, 1996 and the first Talk Back program was 
transmitted on January 10,1997. The Project differed from earlier experi-
ments by introducing interactivity component in its programmes. Today 
it covers 1062 villages in three districts of Madhya Pradesh. The success 
of Jhabua project encouraged the government of Madhya Pradesh to ex-
tend the GRAMSAT facility to another 200 villages in the neighbouring 
Dhar and Barwani.

The GRAMSAT at Jhabua and other places has proved beyond 
doubt that non-commercial information requires exclusive participatory 
channels of communication. The overwhelming response to GRAMSAT 
in States like Madhya Pradesh and Karnataka has emboldened the gov-
ernment to extend the satellite based village development to other ar-
eas namely northeastern region, Andaman and Nicobar, Chhattisgarh, 
Jharkhand, Uttaranchal and West Bengal.

ISRO and the central government had recently redesigned GRAM-
SAT with full involvement of the respective state governments right 
from the stage of planning. Interestingly GRAMSAT is detached from 
the mainstream electronic media of state radio and TV. The village satel-
lite in the form of GRAMSAT is a unique concept of interactive technol-
ogy that can overcome the technological obsolescence, as it is compati-
ble for media convergence. It has the potential to become a unique tool 
for imparting continuing education and training with greater degree of 
flexibility. GRAMSAT has reinvented the concept of development com-
munication. The obstacles in the earlier models of communication for 
development have been overcome through GRAMSAT since it facilitates 
the application of space science and technology for socio-economic de-
velopment.

GRAMSAT  was  introduced  in  2002  in  Orissa,  Andhra  Pradesh, 
Gujarat, Karnataka, Madhya Pradesh and Rajasthan revolutionizing 
communication in the villages of India. GRAMSAT pilot known as 
Swarn Jayanti Vidya Vikas Antariksh Upagraha Yojana (Vidyavahini) has 
been brought in 800 villages in the Kalahandi-Bolangir-Koraput (KBK) re-
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gion in Orissa under the network of development. In Andhra Pradesh 
GRAMSAT has provided connectivity to distance education, Tele-medi-
cine, agricultural extension, E-governance and community Internet cen-
tre through an integrated satellite network called MANA TV, with the 
uplink facility at Hyderabad. Andhra Pradesh is the first state in India to 
establish and run a TV channel called, MANA TV, outside the control of 
the Ministry of Information. Today engineering colleges in the States of 
Karnataka, Andhra Pradesh, Maharashtra and Gujarat are using TDCC 
network to beam live lessons to classrooms to overcome acute short-
age of human resources, infrastructure and expertise in engineering ed-
ucation. Several state governments have adopted the network to train 
schoolteachers and technical staff demonstrating the feasibility of satel-
lite linked media intervention in development.

Figure 5.24. The configuration of satellite system in GRAMSAT housed at

Abdul Nazir Sab Institute for Rural Development, Mysore
The communication configuration technically consists of infrastruc-

ture for conducting two-way audio and one-way-video system. The 
teaching end includes one earth station, one studio and the up link fa-
cility. The earth station receives satellite support C-Band transponder of 
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INSAT 3B. The receiving end comprises Direct Receive System (DRS), 
television set, telephone line, fax and Computer with Internet facility.

The Significant Features of GRAMSAT are;
· Simple, sleek and effortless way of communication with over 

60,000 members in their own village environment. 
· Interactivity- a very high degree of interactive programme. One 

can air his/her question, opinion, suggestion, and query etc. and 
get immediate response. 

· Communication in the local language. 
· Need based programmes. 
· Access to experts, bureaucrats, ministers and chief minister in lo-

cal environment. 
· Flexibility- the schedule of programmes is at convenient hours. 
· Forum of redress of grievances. 
· Better connectivity among members of different Gram Panchayats. 
· A member gets exposure to the problems and functioning of oth-

er Gram Panchayats in the states. 
· Exposure to technology and hands on experience in the use of 

tools of communication. 
· Generates high degree of participation. 
· Beneficiaries are central to the development process. 
· It spreads technology literacy among target audience. 
· It facilitates one-to-one communication; 
· It’s individualistic. 
· Encourages self-directed development. 
· It overcomes geographical, social, political and cultural bottle-

necks in pursuit of development. 
There are two major achievements of GRAMSAT. Firstly, the intense 

debate and discussion the members had with the experts and authorities 
through interactive programmes on the intricacies of local self-gover-
nance has prompted the government to bring about legislative changes 



AN ELEMENTARY APPROACH TOWARDS SATELLITE COMMUNICATION

316

in Karnataka Panchayat Raj Act with particular reference to Gram Pan-
chayats.

Nearly 24 amendments in matters pertaining to Gram Panchayats and 
18 amendments to Taluk Panchayats have successfully been made to the 
Panchayat Raj legislation to make the decentralization meaningful and 
relevant. It is no mean achievement for people’s representatives who 
had no clue about the nature of local governance to prevail upon the 
government to bring about legislative changes. Secondly, focus of some 
of the GRAMSAT programmes was on burning issues of local adminis-
tration, viz., the property tax, which is also a major source of revenue to 
local bodies. The spread of awareness about property tax has improved 
revenue and tax collections in villages and taluks. It has also hastened 
the process of decision- making. With newfound awareness, the elect-
ed representatives are monitoring the implementation of development 
programmes and schemes. GRAMSAT has been applied to achieve the 
major tasks of decentralized governance heralding greater transparency 
in local government and downward accountability in Panchayat institu-
tions.

These findings demonstrate how media intervention assumes sig-
nificance if it is need-specific and learner-centric drastically reducing 
the wastage of message. This satellite based communication programme 
consists of wide range of activities like live talk and demonstration and 
uses variety of media and has opportunities to enhance learning, share 
experiences and increased reach to people at the grassroots. It also facil-
itates exchange of information between geographically scattered mem-
bers and promotes sharing and learning. The programme has success-
fully created awareness about local governance and decentralised ad-
ministration at village and taluk level.

The GRAMSAT programme is an ambitious initiative of India’s pre-
mier space house, ISRO, to bring villages, blocks and taluks under the 
umbrella of communication network at the state level. It facilitates cre-
ation of electronic highways between villages and state capitals. GRAM-
SAT, the village satellite has provided the much-needed succor for the 
desperate village members including women Panchayat members in the 
State of Karanataka. India hopes to cover the entire rural areas through 
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GRAMSAT programme by the end of tenth plan period and establish 
strong database of rural development. The architects of GRAMSAT have 
brought this project under the patronage of state governments compel-
ling the latter to create necessary infrastructure in every village. The 
vastly changed media scenario calls for a recasting of the role of media 
in promoting pro social change.

This Gramsat satellite is carrying six to eight high powered C-band 
transponders, which together with video compression techniques can 
disseminate regional and cultural specific audio-visual programmes of 
relevance in each of the regional languages through rebroadcast mode 
on an ordinary TV set.

The high power in C-band has enabled even remote area viewers 
outside the reach of the TV transmitters to receive programmers of their 
choice in a direct reception mode with a simple. dish antenna.

The salient features of GRAMSAT projects are:
i. Its communications networks are at the state level connecting the 

state capital to districts, blocks and enabling a reach to villages.
ii. It is also providing computer connectivity data broadcasting, 

TV-broadcasting facilities having applications like e- governance, devel-
opment information, teleconferencing, helping disaster management.

iii. Providing rural-education broadcasting. However, the Gramsat 
projects have an appropriate combination of following activities.

(i) Interactive training at district and block levels employing suitable 
configuration

(ii) Broadcasting services for rural development
(iii) Computer interconnectivity and data exchange services
(iv) Tele-health and tele-medicine services.

5.14. Specialized Services
5.14.1. Satellite-email Services
The addition of Internet Access enables Astrium to act as an Internet 

Service Provider (ISP) capable of offering Inmarsat users a tailor-made 
Internet connection.
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With Internet services added to our range of terrestrial networks, 
you will no longer need to subscribe to a third party for Internet access 
(available for Inmarsat A, B, M, mini-M, Fleet, GAN, Regional BGAN & 
SWIFT networks).

The Internet in the same way as the other terrestrial networks we 
provide, and thus offer unrestricted access to this service. There is no 
time-consuming log-on procedure, as users are not required to submit a 
user -ID or password. E-Mail service allows Inmarsat users to send and 
receive e-mail directly through the Internet without accessing a public 
telephone network. The service offers several options for users to send 
and receive e-mail and operates with Inmarsat A, B, M, Mini-M, GAN, 
Regional BGAN, Fleet, and Swift terminals. 

Features and Benefits
•	 No need to configure an e-mail client to access a Astrium e-mail 

account
•	 Service optimized for use with low bandwidth Inmarsat termi-

nals
•	 Filter e-mail by previewing the Inbox and deleting any unwanted 

e-mails prior to downloading
•	 No surcharge or monthly subscription fees
•	 Service billed according to standard airtime prices for Inmarsat 

service used.

Choose from one of two Options to Send e-mail

1. A company can act as an Internet Service Provider, offering a tailor-
made e-mail service and eliminating the need to subscribe to a third 
party e-mail provider. This service may be accessed using standard 
e-mail programs (e.g. Microsoft Outlook Express, Eudora, etc.).

2.  E-Mail service provides a Web interface that allows users to access 
their e-mail account from any computer connected to the Internet.

 E-Mail service enables all Inmarsat users to open a free e-mail ac-
count without subscription charges. To open your free e-mail account, 
visit the registration page where you will be asked to choose your own 
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user name. Your address will have the following structure: username@
satellite-email.com. Web Mail service, a web interface for access to your 
e-mail account. 

Benefits 
•	 Access your Web Mail account from any computer connected 

to the Internet, using a standard Internet Browser (IE, Netscape, 
Opera, etc.)

•	 No need to configure an e-mail client to access your e-mail ac-
count

•	 Now you can send as well as receive e-mail via your e-mail ac-
count while on shore. Using an e-mail client, it is only possible to 
receive e-mail from shore

•	 The Web Mail service has been optimized for use with Inmarsat 
equipment with low bandwidth

•	 E-mail management. Preview your Inbox and delete unwanted 
e-mails before you download them via your e-mail client

An e-mail client is still recommended for downloading e-mail from 
your account. The management function allows you to filter e-mail to 
your client and thus save money on airtime usage. 

Step-by-Step Instructions 

1. Access the login page from our home page: www.satellite-email.com 
and click on “Log on”.

2. Enter your user name (username@satellite-email.com) and password 
in the corresponding text-fields and then click on ‘Submit’

3. When logged on you can read, send or delete e-mail

Please remember to set up your preferences on your first login.

Setting up Preferences 

1. After logging in, please select the preference option from the menu.
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2. Full name: Your full name

3. E-mail Address: username@satellite-email.com

4. Select options:

Cc self - (leave a copy of sent e-mail in inbox)

Hide addresses - (only addressee name - not actual e-mail address- will 
appear in inbox)

Outlook-style quoting - (for replying or forwarding)

5. Signature: Other contact information you wish to add to the bottom of 
your e-mail.

5.14.2. Video Conferencing (Medium Resolution)

Video conferencing technology can be used to provide the same 
full, two-way interactivity of satellite broadcast at much lower cost. For 
Multi- Site meetings, video conferencing uses bridging systems to con-
nect each site to the others. It is possible to configure a video conference 
bridge to show all sites at the same time on a projection screen or mon-
itor. Or, as is more typical, a bridge can show just the site from which a 
person is speaking or making a presentation. The technology that makes 
interactive video conferencing possible, compresses video and audio 
signals, thus creating an image quality lower than that of satellite broad-
casts. Recent technology developments are enabling a new era in high 
definition (HD) videoconferencing over satellite. One where the quality, 
usability and cost challenges are being met and overcome. 

High-Quality

Anyone who has seen traditional videoconferencing over satellite 
knows that the experience to date has left a lot to be desired. This is pri-
marily due to high and fluctuating conditions around three main factors: 
Latency, jitter and packet loss. Unfortunately, there isn’t much that can 
be done about the latency challenges with regard to satellite communi-
cation. It takes a certain amount of time for a signal to travel from the 
Earth, up to a satellite and back down again.
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However, innovative satellite communications companies have dis-
covered that, while you can’t do much to reduce or eliminate the latency 
inherent in satellite-based communications, you can make it relatively 
unnoticeable by ensuring it is predictable and steady. By combining 
steady and predictable latency with levels of packet loss and jitter that 
are near to zero, a latency range of 475-525 ms is almost imperceptible. 
In fact, many people that have seen the new HD videoconferencing over 
satellite have remarked that they cannot tell the difference between it 
and a videoconference conducted over a terrestrial link.

With new HD videoconferencing over satellite technology, great ef-
forts were made to ensure an easy set-up, use and disconnect process. 
With a goal of being frictionless, and as easy to use as any land-based 
videoconferencing system, new HD videoconferencing over satellite 
systems are portal-based, where users simply log onto a portal, request 
service and see their circuit turned on in approximately 30 seconds. They 
then operate the videoconferencing system of their choice for as long as 
they like. Or, they connect a location with their global scheduling and 
management system and that system turns off and on as any managed 
system on their network. The fact that the circuit is actually a satellite 
connection is completely hidden from the user.

While a great deal of very complex things happen once a person 
requests service (the video on demand (VoD) server determines which 
spectrum is available to use; the VoD server then selects the correct 
satellite and transponder; and the VoD system then connects both end 
points), those activities are mostly concealed from the user’s view. All 
they know is that within a short time span, they are speaking face-to-face 
with teams and colleagues located in some of the most remote, hard-to-
reach regions on the planet. 

One aspect of ease of use that organizations interested in HD video-
conferencing over satellite should look into is a single supplier’s ability 
to handle the planning, set-up and management of the service. Espe-
cially in hard-to-reach countries and areas of the world, it is important 
that a supplier be experienced with the unique and often challenging 
requirements for shipping, customs, logistics, construction, licensing, 
etc. in these areas. The ability to deliver a service level agreement (SLA) 
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with service response in hours, rather than days, is an important consid-
eration for such a mission-critical communications service. 

Affordability
For many organizations with a need to communicate with remote 

regions, costs are a key factor. To date, videoconferencing over satellite 
has been prohibitively expensive for many organizations because of the 
dedicated bandwidth necessary to conduct sessions. However, a revolu-
tionary new ‘on demand’, ‘pay as you go’ model is emerging, offering 
HD video conferencing over satellite for a fraction of the price of a typi-
cal dedicated satellite data circuit. 

By maintaining a small, always-on signal to keep the videoconfer-
encing system active, and listening for service requests, and by deploy-
ing an innovative single carrier per channel (SCPC) model, a non-shared, 
on/off model specifically designed for videoconferencing, it is possible 
to make the cost of HD videoconferencing and telepresence over satellite 
affordable for a broad range of organizations.

Combining on-demand capabilities with a usage-based, ‘pay as you 
go’ model, where users only pay for the bandwidth that is used and 
receive bundled hours of monthly usage (like a pre-paid cell phone), 
makes HD videoconferencing and telepresence over satellite available to 
organizations that could never afford the technology in the past.

Case Studies
Organizations interested in HD videoconferencing over satellite 

come in a wide spectrum of sizes, vertical markets and business objec-
tives. From oil and gas firms and natural resource companies to defense 
contractors and NGOs, HD videoconferencing and telepresence over 
satellite has applications for them in combat areas, on oil platforms, for 
enterprise communications, in disaster relief stations and a range of oth-
er situations. 

For example, a large healthcare company is combining EMC’s re-
cently announced HD Connect on demand HD videoconferencing over 
satellite, a telepresence system and an MRI machine to create a highly 
interactive remote consultation experience where the patient and family 
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can have very collaborative, face-to-face discussions with doctors locat-
ed in another part of the world. The combination allows for the EMC 
HD Connect link to be utilized during the telepresence session and to 
transfer the enormous amount of data generated by the MRI machine in 
real-time to the remote healthcare specialist. The hospital only pays for 
the bandwidth used during the sessions, permitting a cost model that is 
affordable, scalable and predictable.

Additionally, some Oil and Gas firms are utilizing EMC’s HD Con-
nect to maximize the specialized knowledge of subject matter experts, 
allowing them to view and respond in real-time to changing conditions 
and data wherever they occur: On oil platforms, in desert areas or in 
very remote locations. When installed in remote locations, the HD Con-
nect solution allows subject matter experts to “call-in” as needed and 
collect high-value information in a cost capitated model.

In short, the primary use case for today’s new HD videoconferenc-
ing over satellite actually goes back to the original use case for terrestri-
al videoconferencing — the replacement of expensive, time consuming 
and occasionally dangerous travel. Conducting business in the hard to 
reach places of Africa, the Middle East and Central Asia presents many 
travel challenges including: Border transversal (customs/Visas), airline 
service, cost and time — the distances are vast within this region.

With new HD videoconferencing over satellite, remote colleagues 
can see one another face-to-face, with a quality level that allows the pick-
ing up of subtle non-verbal cues and facial expressions, shortened deci-
sion cycles, accomplishing tasks and strengthening relationships. 

Advantages of Videoconferencing
1. Reduction in travel costs, strain and time
2. Increased efficiency (often video meetings are more tightly script-

ed)
3. Increased reliability (no flight delays)
4. Easy recording capabilities
5. Improved communication over standard audio conference calls.
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5.14.3. Satellite Internet Access
Satellite Internet Access is Internet access provided through com-

munications satellites. Modern satellite Internet service is typically pro-
vided to users through geostationary satellites that can offer high data 
speeds, with newer satellites using Ka band to achieve downstream data 
speeds up to 50 Mbps.

Satellite Internet generally relies on three primary components: a sat-
ellite in geostationary orbit (sometimes referred to as a geosynchronous 
Earth orbit, or GEO), a number of ground stations known as gateways 
that relay Internet data to and from the satellite via radio waves (micro-
wave), and a VSAT (very-small-aperture terminal) dish antenna with a 
transceiver, located at the subscriber’s premises. Other components of a 
satellite Internet system include a modem at the user end which links the 
user’s network with the transceiver, and a centralized network opera-
tions center (NOC) for monitoring the entire system. Working in concert 
with a broadband gateway, the satellite operates a Star network topolo-
gy where all network communication passes through the network’s hub 
processor, which is at the center of the star. With this configuration, the 
number of remote VSATs that can be connected to the hub is virtually 
limitless.

History of Satellite Internet
Following the launch of the first satellite, Sputnik 1, by the Soviet 

Union in October, 1957, the US successfully launched the Explorer 1 sat-
ellite in 1958. The first commercial communications satellite was Telstar 
1, built by Bell Labs and launched in July, 1962. The idea of a Geosyn-
chronous satellite — one that could orbit the Earth above the equator and 
remain fixed by following the Earth’s rotation — was first proposed by 
Herman Potočnik in 1928 and popularised by the science fiction author 
Arthur C. Clarke in a paper in Wireless World in 1945.[4] The first satellite 
to successfully reach geostationary orbit was Syncom3, built by Hughes 
Aircraft for NASA and launched Aug. 19, 1963. Succeeding generations 
of communications satellites featuring larger capacities and improved 
performance characteristics were adopted for use in television delivery, 
military applications and telecommunications purposes. Following the 
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invention of the Internet and the World Wide Web, geostationary satel-
lites attracted interest as a potential means of providing Internet access.

A significant enabler of satellite-delivered Internet has been the 
opening up of the Ka band for satellites. In December, 1993, Hughes 
Aircraft Co. filed with the Federal Communications Commission for a 
license to launch the first Ka-band satellite, Spaceway. In 1995, the FCC 
issued a call for more Ka-band satellite applications, attracting applica-
tions from 15 companies. Among those were EchoStar, Lockheed Mar-
tin, GE-Americom, Motorola and KaStar Satellite, which later became 
WildBlue.

Among prominent aspirants in the early-stage satellite Internet sec-
tor was Teledesic, an ambitious and ultimately failed project funded in 
part by Microsoft that ended up costing more than $9 billion. Teledesic’s 
idea was to create a broadband satellite constellation of hundreds of 
low-orbiting satellites in the Ka-band frequency, providing inexpensive 
Internet access with download speeds of up to 720 Mbit/s. The project 
was abandoned in 2003. Teledesic’s failure, coupled with the bankrupt-
cy filings of the satellite communications providers Iridium Commu-
nications Inc. and Globalstar, dampened marketplace enthusiasm for 
satellite Internet development. It wasn’t until September 2003 when the 
first Internet-ready satellite for consumers was launched by Eutelsat. 

In 2004 with the launch of Anik F2, the first high throughput sat-
ellite, a class of next-generation satellites providing improved capaci-
ty and bandwidth became operational. More recently, high throughput 
satellites such as ViaSat’s ViaSat-1 satellite in 2011 and Hughes Net’s 
Jupiter in 2012 have achieved further improvements, elevating down-
stream data rates from 1-3 Mbit/s up to 12-15Mbit/s and beyond.

Function
Satellite Internet generally relies on three primary components: a sat-

ellite in geostationary orbit (sometimes referred to as a geosynchronous 
Earth orbit, or GEO), a number of ground stations known as gateways 
that relay Internet data to and from the satellite via radio waves (micro-
wave), and a VSAT (very-small-aperture terminal) dish antenna with a 
transceiver, located at the subscriber’s premises. Other components of a 
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satellite Internet system include a modem at the user end which links the 
user’s network with the transceiver, and a centralized network opera-
tions center (NOC) for monitoring the entire system. Working in concert 
with a broadband gateway, the satellite operates a Star network topolo-
gy where all network communication passes through the network’s hub 
processor, which is at the center of the star. With this configuration, the 
number of remote VSATs that can be connected to the hub is virtually 
limitless.

Satellite
At the center of the new broadband satellite networks are a new 

generation of high-powered GEO satellites positioned 35,786 kilome-
ters (22,236 mi) above the equator, operating in Ka-band (18.3–30 GHz) 
mode.[7] These new purpose-built satellites are designed and optimized 
for broadband applications, employing many narrow spot beams,[8] 
which target a much smaller area than the broad beams used by earli-
er communication satellites. This spot beam technology allows satellites 
to reuse assigned bandwidth multiple times, enabling them to achieve 
much higher capacity than conventional broad beam satellites. The spot 
beams also increase performance and consequential capacity by focusing 
more power and increased receiver sensitivity into concentrated areas. 
Spot beams are designated as one of two types: subscriber spot beams, 
which transmit to and from the subscriber-side terminal, and gateway 
spot beams, which transmit to/from a service provider ground station.

In conjunction with the satellite’s spot-beam technology, a bent-
pipe architecture is employed in the network in which the satellite func-
tions as a bridge in space, connecting two communication points on the 
ground. The term “bent-pipe” is used to describe the shape of the data 
path between sending and receiving antennas, with the satellite posi-
tioned at the point of the bend. Simply put, the satellite’s role in this 
network arrangement is to relay signals from the end user’s terminal to 
the ISP’s gateways, and back again. The satellite receives, amplifies, and 
redirects signals carried on a specific radio frequency through a signal 
path called a transponder.
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The satellite has its own set of antennas to receive communication 
signals from Earth and to transmit signals to their target location. These 
antennas and transponders are part of the satellite’s “payload”, which 
is designed to receive and transmit signals to and from various places 
on Earth. What enables this transmission and reception in the payload 
transponders is a repeater subsystem (RF (radio frequency) equipment) 
used to change frequencies, filter, separate, amplify and group signals 
before routing them to their destination address on Earth. The satellite’s 
high-gain receiving antenna passes the transmitted data to the transpon-
der which filters, translates and amplifies them, then redirects them to 
the transmitting antenna on board. The signal is then routed to a specific 
ground location through a channel known as a carrier. Beside the pay-
load, the other main component of a communications satellite is called 
the bus, which comprises all equipment required to move the satellite 
into position, supply power, regulate equipment temperatures, provide 
health and tracking information, and perform numerous other opera-
tional tasks.[9]

Gateways
Along with dramatic advances in satellite technology over the past 

decade, ground equipment has similarly evolved, benefiting from high-
er levels of integration and increasing processing power, expanding 
both capacity and performance boundaries. The Gateway—or Gateway 
Earth Station (its full name)—is also referred to as a ground station, tele-
port or hub. The term is sometimes used to describe just the antenna 
dish portion, or it can refer to the complete system with all associated 
components. In short, the gateway receives radio wave signals from the 
satellite on the last leg of the return or upstream payload, carrying the 
request originating from the end-user’s site. The satellite modem at the 
gateway location demodulates the incoming signal from the outdoor an-
tenna into IP packets and sends the packets to the local network. Access 
server/gateways manage traffic transported to/from the Internet. Once 
the initial request has been processed by the gateway’s servers, sent to 
and returned from the Internet, the requested information is sent back as 
a forward or downstream payload to the end-user via the satellite, which 
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directs the signal to the subscriber terminal. Each Gateway provides the 
connection to the Internet backbone for the gateway spot-beam(s) it 
serves. The system of gateways comprising the satellite ground system 
provides all network services for satellite and corresponding terrestrial 
connectivity. Each gateway provides a multiservice access network for 
subscriber terminal connections to the Internet. In the continental United 
States, because it is north of the equator, all gateway and subscriber dish 
antenna must have an unobstructed view of the southern sky. Because of 
the satellite’s geostationary orbit, the gateway antenna can stay pointed 
at a fixed position.

Antenna Dish and Modem
For the customer-provided equipment (i.e. PC and router) to access 

the broadband satellite network, the customer must have additional 
physical components installed:

Outdoor Unit (ODU)
At the far end of the outdoor unit is a small (2–3-foot diameter), 

reflective dish-type radio antenna constructed from and coated with a 
variety of materials. As indicated earlier, like the antenna used by the 
gateway, the VSAT antenna must also have an unobstructed view of the 
sky to allow for proper line-of-sight (L-O-S) to the satellite. There are 
four characteristic settings used to ensure that the antenna is configured 
correctly at the satellite, which are: azimuth, elevation, polarization, and 
skew. The combination of these settings gives the outdoor unit a L-O-S to 
the chosen satellite and makes data transmission possible. These param-
eters are generally set at the time the equipment is installed, along with 
a beam assignment (Ka-band only); these steps must all be taken prior 
to the actual activation of service. Transmit and receive components are 
mounted at the focal point of the antenna which receives/sends data 
from/to the satellite. The main parts are:

•	 Feed – This assembly is part of the VSAT receive and transmit 
chain, which consists of several components with different func-
tions, including the feed horn at the front of the unit, which re-
sembles a funnel and has the task of focusing the satellite micro-
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wave signals across the surface of the dish reflector. The feed horn 
both receives signals reflected off the dish’s surface and transmits 
outbound signals back to the satellite.

•	 Block upconverter (BUC) – This unit sits behind the feed horn 
and may be part of the same unit, but a larger (higher wattage) 
BUC could be a separate piece attached to the base of the anten-
na. Its job is to convert the signal from the modem to a higher 
frequency and amplify it before it is reflected off the dish and 
towards the satellite.

•	 Low-noise block downconverter (LNB) – This is the receiving el-
ement of the terminal. The LNB’s job is to amplify the received 
satellite radio signal bouncing off the dish and filter out the noise, 
which is any signal not carrying valid information. The LNB 
passes the amplified, filtered signal to the satellite modem at the 
user’s location.

Indoor Unit (IDU)
The satellite modem serves as an interface between the outdoor unit 

and customer-provided equipment (i.e. PC, router) and controls satellite 
transmission and reception. From the sending device (computer, rout-
er, etc.) it receives an input bitstream and converts or modulates it into 
radio waves, reversing that order for incoming transmissions, which is 
called demodulation. It provides two types of connectivity:

•	 Coaxial cable (COAX) connectivity to the satellite antenna. The 
cable carrying electromagnetic satellite signals between the mo-
dem and the antenna generally is limited to be no more than 150 
feet in length.

•	 Ethernet connectivity to the computer, carrying the customer’s 
data packets to and from the Internet content servers.

Satellite modems employ either the DOCSIS (Data Over Cable Ser-
vice Interface Specification) or WiMAX (World Interoperability for Mi-
crowave Access) telecommunication standard to communicate with the 
assigned gateway.
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Two-Way Satellite-Only Communication
Two-way satellite Internet service involves both sending and receiv-

ing data from a remote very-small-aperture terminal (VSAT) via satellite 
to a hub telecommunications port (teleport), which then relays data via 
the terrestrial Internet. The satellite dish at each location must be pre-
cisely pointed to avoid interference with other satellites. At each VSAT 
site the uplink frequency, bit rate and power must be accurately set, un-
der control of the service provider hub.

There are several types of two way satellite Internet services, in-
cluding time division multiple access (TDMA) and single channel per 
carrier (SCPC). Two-way systems can be simple VSAT terminals with 
a 60–100 cm dish and output power of only a few watts intended for 
consumers and small business or larger systems which provide more 
bandwidth. Such systems are frequently marketed as “satellite broad-
band” and can cost two to three times as much per month as land-based 
systems such as ADSL. The modems required for this service are often 
proprietary, but some are compatible with several different providers. 
They are also expensive, costing in the range of US$600 to $2000.

Figure 5.25. The two-way “iLNB” used on the ASTRA2Connect

The two-way “iLNB” used on the ASTRA2Connect terminal dish 
has a transmitter and single-polarity receive LNB, both operating in the 
Ku band. Pricing for Astra2Connect modems range from €299 to €350. 
These types of system are generally unsuitable for use on moving ve-
hicles, although some dishes may be fitted to an automatic pan and tilt 
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mechanism to continuously re-align the dish—but these are more expen-
sive. The technology for ASTRA2 Connect was delivered by a Belgian 
company called Newtec.

Bandwidth
Satellite internet customers range from individual home users with 

one PC to large remote business sites with several hundred PCs. Home 
users tend to use shared satellite capacity to reduce the cost, while still 
allowing high peak bit rates when congestion is absent. There are usu-
ally restrictive time-based bandwidth allowances so that each user gets 
their fair share, according to their payment. When a user exceeds their 
allowance, the company may slow down their access, deprioritise their 
traffic or charge for the excess bandwidth used. For consumer satellite 
internet, the allowance can typically range from 200 MB per day to 25 GB 
per month.[17][18][19] A shared download carrier may have a bit rate of 1 to 
40 Mbit/s and be shared by up to 100 to 4,000 end users.

The uplink direction for shared user customers is normally time di-
vision multiple access (TDMA), which involves transmitting occasion-
al short packet bursts in between other users (similar to how a cellular 
phone shares a cell tower)

Each remote location may also be equipped with a telephone mo-
dem; the connections for this are as with a conventional dial-up ISP. 
Two-way satellite systems may sometimes use the modem channel in 
both directions for data where latency is more important than band-
width, reserving the satellite channel for download data where band-
width is more important than latency, such as for file transfers.

In 2006, the European Commission sponsored the UNIC project 
which aims at developing an end-to-end scientific test bed for the distri-
bution of new broadband interactive TV-centric services delivered over 
low-cost two-way satellite to actual end-users in the home. The UNIC 
architecture employs DVB-S2 standard for downlink and DVB-RCS 
standard for uplink.

Normal VSAT dishes (1.2–2.4 m diameter) are widely used for VoIP 
phone services. A voice call is sent by means of packets via the satel-
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lite and internet. Using coding and compression techniques the bit rate 
needed per call is only 10.8 kbit/s each way.

PORTABLE SATELLITE INTERNET
Portable Satellite Modem
These usually come in the shape of a self-contained flat rectangular 

box that needs to be pointed in the general direction of the satellite—un-
like VSAT the alignment need not be very precise and the modems have 
built in signal strength meters to help the user align the device properly. 
The modems have commonly used connectors such as Ethernet or Uni-
versal Serial Bus (USB). Some also have an integrated Bluetooth trans-
ceiver and double as a satellite phone. The modems also tend to have 
their own batteries so they can be connected to a laptop without drain-
ing its battery. The most common such system is INMARSAT’s BGAN—
these terminals are about the size of a briefcase and have near-symmet-
ric connection speeds of around 350–500 kbit/s. Smaller modems exist 
like those offered by Thuraya but only connect at 444 kbit/s in a limited 
coverage area.

Using such a modem is extremely expensive—bandwidth costs be-
tween $5 and $7 per megabyte. The modems themselves are also expen-
sive, usually costing between $1,000 and $5,000.

Figure 5.26. Satellite Iternet Access
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Internet Via Satellite Phone
For many years satellite phones have been able to connect to the 

internet. Bandwidth varies from about 2400 bit/s for Iridium network 
satellites and ACeS based phones to 15 kbit/s upstream and 60 kbit/s 
downstream for Thuraya handsets. Global star also provides internet 
access at 9600 bit/s—like Iridium and ACeS a dial-up connection is re-
quired and is billed per minute, however both Global star and Iridium 
are planning to launch new satellites offering always-on data services at 
higher rates. With Thuraya phones the 9,600 bit/s dial-up connection is 
also possible, the 60 kbit/s service is always-on and the user is billed for 
data transferred (about $5 per megabyte). The phones can be connected 
to a laptop or other computer using a USB or RS-232 interface. Due to 
the low bandwidths involved it is extremely slow to browse the web 
with such a connection, but useful for sending email, Secure Shell data 
and using other low-bandwidth protocols. Since satellite phones tend to 
have omnidirectional antennas no alignment is required as long as there 
is a line of sight between the phone and the satellite.

One-Way Receive, With Terrestrial Transmit
One-way terrestrial return satellite Internet systems are used with 

conventional dial-up Internet access, with outbound (upstream) data 
traveling through a telephone modem, but downstream data sent via 
satellite at a higher rate. In the U.S., an FCC license is required for the 
uplink station only; no license is required for the users. Another type 
of 1-way satellite Internet system uses General Packet Radio Service 
(GPRS) for the back-channel.[21] Using standard GPRS or Enhanced Data 
Rates for GSM Evolution (EDGE), costs are reduced for higher effective 
rates if the upload volume is very low, and also because this service is 
not per-time charged, but charged by volume uploaded. GPRS as return 
improves mobility when the service is provided by a satellite that trans-
mits in the field of 50–53 dBW. Using a 33 cm wide satellite dish, a note-
book and a normal GPRS equipped GSM phone, users can get mobile 
satellite broadband.
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System Components
The transmitting station has two components, consisting of a high 

speed Internet connection to serve many customers at once, and the 
satellite uplink to broadcast requested data to the customers. The ISP’s 
routers connect to proxy servers which can enforce quality of service 
(QoS) bandwidth limits and guarantees for each customer’s traffic. Of-
ten, non-standard IP stacks are used to address the latency and asym-
metry problems of the satellite connection. As with one-way receive 
systems, data sent over the satellite link is generally also encrypted, as 
otherwise it would be accessible to anyone with a satellite receiver.

Many IP-over-satellite implementations use paired proxy servers at 
both endpoints so that certain communications between clients and serv-
ers [22] need not to accept the latency inherent in a satellite connection. 
For similar reasons, there exist special Virtual private network (VPN) 
implementations designed for use over satellite links because standard 
VPN software cannot handle the long packet travel times.

Upload speeds are limited by the user’s dial-up modem, while 
download speeds can be very fast compared to dial-up, using the mo-
dem only as the control channel for packet acknowledgement. Latency 
is still high, although lower than full two-way geostationary satellite In-
ternet, since only half of the data path is via satellite, the other half being 
via the terrestrial channel.

One-Way Broadcast, Receive Only
One-way broadcast satellite Internet systems are used for Internet 

Protocol (IP) broadcast-based data, audio and video distribution. In the 
U.S., a Federal Communications Commission (FCC) license is required 
only for the uplink station and no license is required for users. Note 
that most Internet protocols will not work correctly over one-way access, 
since they require a return channel. However, Internet content such as 
web pages can still be distributed over a one-way system by “pushing” 
them out to local storage at end user sites, though full interactivity is not 
possible. This is much like TV or radio content which offers little user 
interface.
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The broadcast mechanism may include compression and error cor-
rection to help ensure the one-way broadcast is properly received. The 
data may also be rebroadcast periodically, so that receivers that did not 
previously succeed will have additional chances to try downloading 
again. The data may also be encrypted, so that while anyone can receive 
the data, only certain destinations are able to actually decode and use 
the broadcast data. Authorized users only need to have possession of 
either a short decryption key or an automatic rolling code device that 
uses its own highly accurate independent timing mechanism to decrypt 
the data.

System Hardware Components

Similar to one-way terrestrial return, satellite Internet access may 
include interfaces to the public switched telephone network for squawk 
box applications. An Internet connection is not required, but many ap-
plications include a File Transfer Protocol (FTP) server to queue data for 
broadcast.

System Software Components

Most one-way broadcast applications require custom programming 
at the remote sites. The software at the remote site must filter, store, 
present a selection interface to and display the data. The software at the 
transmitting station must provide access control, priority queuing, send-
ing, and encapsulating of the data.

Services

Emerging commercial services in this area include:

•	 Google’s Project Loon - High-altitude balloon broadcast technol-
ogy

•	 Outernet - Satellite constellation technology

•	 Virgin Galactic - Satellite constellation technology
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Figure 5.27. Launch of ViaSat-1 satellite.

ViaSat-1, the highest capacity communications satellite in the world, 
was launched Oct. 19, 2011 from Baikonur, Kazakhstan.

With 140 Gbit/s total throughput capacity, the new satellite services 
the Exede Internet service, with download and upload speeds much 
faster than anything previously offered in the satellite industry. In early 
2013, the technology is also scheduled to begin delivering this new level 
of service to airline passengers aboard JetBlue Airways and one other 
carrier, according to ViaSat.

The EchoStar XVII satellite with JUPITER High-Throughput Tech-
nology, built by Space Systems/Loral, was launched July 5, 2012 by Ar-
ianespace and was placed in its permanent geosynchronous orbital slot 
of 107.1° West longitude. The satellite services the HughesNet Gen4 sat-
ellite Internet service. Employing a multi-spot beam, bent-pipe architec-
ture, this Ka-band satellite has over 100 Gbit/s of throughput capacity.

On June 25, 2013, O3b launched the first four of a constellation of 8 
satellites into orbit. A satellite nicknamed Kizuna, means “ties between 
people”, space internet also known formally as the WINDS satellite was 
launched on February 23, 2008. The WINDS satellite will be used to 
provide broadband Internet services to Japan and locations across the 
Asia-Pacific region. The satellite aims to provide a maximum speed of 
155Mbit/s down and 6Mbit/s up to residences with a 45 cm aperture an-
tenna and a 1.2Gbit/s connection to businesses with a 5 meter antenna. 
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SkyTerra-1 was launched in mid-November 2010 and will provide 
service across North America while Hylas-1 was launched at the end of 
November 2010 and will target Europe. 

On December 26, 2010, Eutelsat’s KA-SAT was successfully launched 
by an ILS Proton Breeze M vehicle at the Baïkonour Cosmodrome Ka-
zakhstan. The last satellite was due in service in mid-2011. It covers the 
European continent with 80 spot beams—focused signals that cover an 
area a few hundred kilometers across Europe and the Mediterranean. 
Spot beams allow for frequencies to be effectively reused in multiple 
regions without interference. The result is increased capacity. Each of 
the spot beams will have an overall capacity of 900 Mbit/s and the entire 
satellite will have a capacity of 70 Gbit/s.

Before using Internet Access, browser software (Netscape, Internet 
Explorer, Opera, etc.) and e-mail software (Outlook, Eudora, etc.) must 
be installed on your PC.

Incoming mail server (POP/IMAP): mail.satellite-email.com

SMTP server: smtp.satellite-email.com

It offers Internet Access,in a fast and seamless way to reach the In-
ternet from any Inmarsat A, B, M, Mini-M, GAN, Regional BGAN, Fleet, 
or Swift terminal. 

Satellite Internet
Satellite Internet Characteristics
Medium Air or Vacuum
License ITU
Maximum download rate 1 Gbit/s
Maximum upload rate 10 Mbit/s
Average download rate 1 Mbit/s
Average upload rate 256 Kbit/s
Latency Average 638 ms
Frequency bands L, C, Ku, Ka
Coverage 100 - 6,000km
Additional services VoIP, SDTV, HDTV, VOD, Datacast
Average CPE price €300 (modem + satellite dish)
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Features and Benefits
•	 Direct seamless connection to the Internet
•	 Users can operate with any client software to access Web sites, 

send and receive e-mail or connect to corporate Intranets and Ex-
tranets

•	 Fast log-on time
•	 Service optimized for use with low bandwidth Inmarsat termi-

nals
•	 High-speed connectivity from Astrium LES to the Internet POP
•	 No congestion
•	 Access corporate or public e-mail accounts directly using an In-

marsat terminal and a PC (To access e-mail accounts on a corpo-
rate or public mail service, mailboxes must be open for access via 
the Internet.)

•	 No registration required
•	 No surcharge or monthly subscription fees
•	 User pays only the standard airtime price for the Inmarsat service 

being used

Applications
Once a connection to the Internet is established, users can send 

e-mail, access Web sites, and exchange data files. 
•	 Use an e-mail client (e.g. MS Outlook Express, MS Exchange, Eu-

dora, etc.) to retrieve and send e-mail messages
•	 Use a Web browser (e.g. Netscape or MS Internet Explorer) to 

access Web sites
•	 Use FTP to exchange files (e.g. data, image, etc.).
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