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ABSTRACT 

The Satellite Communication is one of the most important aspects of information

theory, upon which many of technological advancements in Satellite Communication. It has

evolved into an everyday, common place thing. Most television coverage travels by

satellites even reaching directly to the home from space. The bulk of transoceanic telephone

and data communication also travels by satellite.

Satellite communication is now part of our environment. Everyday we receive and

transmit information by satellite, often without knowing it.

Because of these and more, I prepare to choose my project's subject as "satellite

communication".

However, the word 'satellite' used in this project means the spacecraft in outer

space providing linking between earth stations.

Satellite communication is very wide field and it cannot be covered even by one

book. So we can find lot of books talking about this subject and each book has his own

point ofview.

One of the mean objective of this project is to give the reader enough of

understanding to allow him or her to ask the right question.

As I am doing this project to cover the important subject such a vital field.

Whatever, the assumption, one can be assured that satellite will continue to occupy an

important place as a mean of communication.
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INTRODUCTION 

The unique feature of satellite communication is their ability to simultaneously link all

users on the earth's surface, thereby providing distance-insensitive point-to-multiunit

communications. This capability applies to fixed terminals on earth and to mobile terminals on

land, in the air and at sea. Also, with satellites, capacity can be dynamically allocated to users

who need it. These features make satellite communications Systems unique in design.

In 1945 Arthur Clark wrote that a satellite with a circular equatorial orbit at a correct

altitude of 35, 796 km would make one revolution every 24 hour, that is, it would rotate at the

same angular velocity as the earth. An observer looking at such a geo stationary satellite would

see it hanging at a :fixed spot in the sky. Clark showed that three geostationary satellites powered

by solar energy could provide worldwide communication for all possible types of services.

The chapter l İs about introduction to satellite communication and the identification of its

elements. In this chapter we discuss the satellite communication, its advantages, how its work

and basic function of satellites. Like frequency allocation for satellite services, which tell us how

the frequency of satellites is distributed in the world. Satellite system tells us that how satellite

links to earth station. And modulation, in which we studies the process of encoding and

electromagnetic carrier wave with massage.

The chapter 2 addresses the orbital mechanics of satellite communication, and earth station

together with their construction, especially in relation to a geostationary satellite that appears to

an. observer on earth to be hanging perfectly still at one spot in the sky. In this chapter we study

that any ground based communication facility capable of transmitting, receiving and processing

data relayed with oı:biting satellites. We also learn about earth station antenna and its types.

In chapter 3 and 4 we study about multiple access schemes. There are two types of

multiple access schemes FDMA (frequency division multiple access) and TOMA (time division

multiple accessj.In chapter 3 we study that FDMA, each earth station transmits one or more

carriers to the satellites transponder at different center frequencies. •

And in the last chapter 4 we learn about the TDMA. TDMA is broadcast system in which

each transmitter/receiver operates within its own assigned discrete time slots. Conclusion

presents the significant results, contribution of author and future developments.

ili 



1. INTRODUCTION TO SATELLITE COMMUNICATION 

Communication, the process of transmitting and receiving ideas, information,

and messages. The rapid transmission of information over long distances and ready

access to information have become conspicuous and important features of human

society, especially in the past 150 years, and in the past two decades, increasingly so.

Communication between two or more than two people is an outgrowth of methods

developed over communication. Communication is essential for the growth of

mankind e.g. the use of paper to communicate ideas was and still is, responsible for

the growth of Science and Technology. Communication equipment, which is a part of

our daily life, are responsible for the acceleration of this process, e.g. Photocopying

machine, telephone, radio, television, fax machine, satellite, cellular phone,

computers, CD-RW, Internet. Motivation is the electronic communication between

the five senses of humans: Ear, Eyes, Nose, Skin, and Tongue. Currently, we are only

using two senses to communicate information. Modern living standards demand that

we have access to a reliable, economical and efficient means communication, which

may be optionally mobile. Almost an endless list of information handling systems

developed worldwide.

Typically, signals are transferred over wires, through optical fibers or through

space using electromagnetic waves. We live in a world of networks, which avoids

dedicated connections, allows the sharing of resources, promotes the exchange of

information around the world, etc.

The developments are:

I. Telephone number per person

2. Wireless networks - schools, companies, etc.

3. Integration of services & traffic (data, voice, graphics, and .video): Home• banking, bills.

4. The electronic communication of "scent", "taste" and "touch". Goals can be
counted as:

I. Minimize the time to access information

2. Minimize location constraints to access information

1 



3. Maximize the simultaneous access to information

4. Make use of all five senses

1.1 Satellite Communication 

All major satellite operators, INTELSAT, EUTELSAT, INMARSAT, etc. mostly

use the gee-stationary orbit (GEO). In this orbit, the satellite appears to be stationary

when viewed from the Earth. Thus, the Earth station antennas point in a fixed direction

as in figure 1.1.

Satellite

Upfü:ı.k

Earth
Stat:i,.;,n

Earth
Station

Figure 1.1: Satellite position

In the GEO orbit (as in figure 1.2), the satellite is approx. 22,300 miles above the equator.

Figure 1.2: An Orbit
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Most desired frequency band for satellite communications is 6 GHz on the uplink

and 4 GHz on the downlink, referred to as the 6/4 GZ C-band. In this range, cosmic

noise is small, and rainfall does not appreciably attenuate the signals. Also, losses due

to 'the ionosphere and atmospheric absorption are small.

Second generation satellites operate using the 14/12 GHz Ku-band. These higher

frequencies make it possible to build smaller and less expensive antennas.

Each satellite has a number of transponders (receiver-to-transmitter) aboard to

amplify the received signal from the uplink and down-convert the signal for

transmission on the downlink. Typically, there are 24 transponders in a satellite. The

figure 1.3 below shows the basic components of a single transponder.

A satellite transponder

Bandpass
Filter

Low-noise
amplifier

Frequency
down­

converter

Trevelling
wave tube
amplifier

Figure 1.3: Components of a single transponder

For the standard C-band (6/4 GHz) television relay service, each satellite is

assigned a total of a 500 MHz bandwidth. A typical satellite has 24 transponders

aboard, with each transponder using 36 MHz of the 500 MHz bandwidth assignments.

Note that the satellites reuse the same frequency band by having 12 transponders

operating with vertically polarized signals and 12 transponders with horizontally

polarized signals. The figure 1. 4 below shows the sample satellite.

• 

Figurel.4: A sampled satellite
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The figure 1.5 below illustrates this for the Galaxy satellites. In particular, the GS
satellite on Csband (because its my favorite). Note that this is analog television in

which a single TV channel is frequency modulated onto a 6 GHz carrier. In the near

future, such analog systems will be a thing of the past.

4MHzgua::dbınd
I I

C "' Caanael -:7, ~
CNM I I US).

~FlFl A ıcwlıciıl ~ fl~i)
~ 

36 MHz
4 MHz guaıd bwd

_:;~ 
SC:FI TBt ! :

Fl~·RFl

Horizontal Po larisarion

Vertical Pclarisat.on

CNN-E

[cw] i C22 I [ G24 j(l,.ffiz)

••~
3ı::iMHz

Figure 1.5: Galaxy satellites

High-power satellites, caUed direct broadcast satellites (DBS), provide TV

service directly to the home, which has a small receiving antenna e.g. Direct TV. The

base band video signal is sampled, digitized, and compressed by removing redundant

samples that occur frame to frame. Satellite communication became a possibility when

it was realized that a satellite orbiting at a distance of 36000Km from the Earth would

be geo-stationary, i.e. would have an angular orbital velocity equal to the Earth's own

orbital velocity. It would thus appear to remain stationary relative to the Earth if placed

in an equatorial orbit. This is a consequence of Kepler's law that the period of rotation

T of a satellite around the Earth was given by:

!Jıı ;:;; Q.8lmB- ;a
Where r is the orbit radius, R is the Earth's radius and " is the

acceleration due to gravity at the Earth's surface. As the orbit increases in radius, the

angular velocity reduces, until it is coincident with the Earth's at a radius of 36000Km.

In principle, three geostationary satellites correctly placed can provide complete

coverage of the Earth's surface as in figure 1.6
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For intercontinental communication, satellite radio links become a

commercially attractive proposition. Space communication showed phenomenal

growth in the 1970s. And it will continue to grow for some years to come. The

growth has been so rapid that there is now danger of overcrowding the geostationary

orbit.

G
,
'

'' '
,'/

_,,,:'( ,.,.
/ \ / '
' ~ '

(:)---------------------------<=) 

O &aıtılliıa

Figure 1.6: Geo-stationary satellites

1.2 Advantages of Satellite Communication 

Satellite communication has a number of advantages:

1. The laying and maintenance of intercontinental cable is difficult and
expensıve.

2. The heavy usage of intercontinental traffic makes the satellite commercially
attractive.

3. Satellites can cover large areas of the Earth. This is particularly useful for
sparsely populated areas.

Satellite communication is limited by four factors:

1. Technological limitations preventing the .deployrrıent of lafge, high gam
antennas on the satellite platform.

2. Over-crowding of available bandwidths due to low antenna gains.

3. The high investment cost and insurance cost associated with significant
probability of failure.

4. High atmospheric losses above 30GHz limit carrier frequencies.
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1.3 Microwave Antenna 

A microwave antenna has two functions. It provides gain (i.e. amplification). It

also directs the radiation into confined regions of space: the antenna beam. These

properties are largely dependent on the antenna size. For a circular, dish antenna, the

gain G is related to the antenna area A by the formula:

G =4rA/l:~ 

Where )ıis the wavelength of the transmitted carrier. Thus, large antennas have
high gains and narrow beams as shown in figure 1. 7.

IEI ,
/ ı,nC,;ınmı b,;ııırn

mıııı
.,;d,;ılob<11>

ıın!,:ınnıı b,:ııım
) 

bı:ııırnwidlh

Figure 1. 7: A typical antenna beam profile of a dish antenna

The cost of constructing an antenna is a strong function of its size. A rough rule

of thumb is the cost is proportional to the diameter cubed. Thus a doubling of the

antenna size will result in the satellite cost increasing eight times. As a result, antenna

sizes are limited. The limitation in antenna size means that the satellite beam is wide.

In order to prevent electromagnetic interference with terrestrial stations, the power

radiated by the satellite is limited'by international convention. In any event power is
severely limited on a satellite platform.

•
Because the radiated power is low, large receiving antennas are required. The

larger the receiver antenna, the larger the antenna gain, and hence the better the

receiver SNR. The SNR is a function of the bandwidth, and the atmospheric

attenuation. Ground stations close to the poles of the Earth have low elevation look

angles, and signals have to pass through a thicker section of atmosphere. The size of

receiver antenna is determined by the two requirements; 500MHz receive bandwidth
6



and full capability at ±80°of latitude. A standard INTELSAT receiver is 30m ın

diameter. An antenna this large has a very narrow beam, typically 0.01°. A

geostationary satellite is not truly stationary; it wanders slightly in the sky. The very

narrow beam width of the receiver requires automatic tracking of the satellite, and

continuous pointing of the receiver antenna.

The use of satellites for regional communication is possible if there is sufficient

demand for traffic. By reducing the range of latitudes down to ±60°, and reducing the

bandwidth down to 50MHz, large reductions in satellite and ground station receiver

costs are possible. One such direct-to-user (DTU) system is the Satellite Business

System (SBS) covering a range of business and government's users with a demand

for high-speed data links in the US. The region is split into areas, roughly coincident

with the satellite antenna gain contours, denoting increased cost of receiver

technology. It is important to realize that the economies of satellite communication

only make this regional communication possible if the system is heavily used as in

figure 1.8.
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Figure 1.8: The Satellite Business System operational schematic

Improvements in satellite receiver technology have permitted smaller antennas

to be used as ground station receivers. However, antennas are reciprocal. They have
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the same directional characteristics in transmit and receive. The use oflow gain, wide

beam earth stations for DTU systems have contributed considerably to the bandwidth­

overcrowding problem, particularly in the US.

Recently there has been interest in low-earth orbiting (LEO) satellites. Here, a

satellite placed in a lOOOKm orbit has an orbital time of 1 hour. These satellites can be

operated in a store-and-forward mode, picking up data at one part of the globe and

physically transferring it to another. Because the data-rates and orbit radius are greatly

reduced, small, low-cost satellites and ground stations are possible. However, such

satellites have yet to demonstrate any commercial success.

1.4 Carrier to Noise Density Ratio 

PR/ Po is traditionally referred to as the Cl N0 Carrier-to-Noise density ratio. The

word "density" is used because the bandwidth of the signal is not taken into account as

shown in figure 1.9 below.

Satellite

~ --/, ·,
Uplink / ~ Downlink

~ ~
Earth Station Earth Station

Figure 1.9: Carrier-to-Noise density ratio

Only if the received power is in the form of a digitally modulated signal, can we
lı

use P.a = r,,Eı,. Thus, for most links budgets, the carrier-to-noise density ratio is

calculated first. If the satellite communication system simply relays the signal from

one Earth station to another, then the overall carrier to noise density ratio is given by

8



1.5 Channel Capacity Theorem 

1.5.1 Fourier 

Jean Baptist Fourier showed that the most complex time-varying analog signal

could be decomposed into separate frequency components, each one being a simple

sinusoid of a different frequency and phase. For example, consider the Fourier

spectrum of a periodic signal. A periodic signal, in relation to computers, in

information management and on communications networks, a name or label used as

an alternative means of referring to someone or something. On networks, where they

are commonly encountered, identify both individuals and groups of people with a

common interest. Groups are particularly useful because a message addressed to the

alias reaches each person in the group, simplifying the task of distributing

information to multiple recipients.

1.5.2 Bandwidth 

The bandwidth of a signal is a range of frequencies occupied by the signal's

Fourier components within its frequency spectrum. This frequency range transmitted

is typical chosen to be those components, which encompass most of the original

signal energy.

1.5.3 Channel 

The bandwidth of a channel is the range of frequencies that is passed by the••
channel. For example, the bandwidth of a telephone channel is typically the

frequency range 300 to 3400 Hz. To determine the bandwidth "of channel, a
)t

sinusoidal wave of frequency f and amplitude A is transmitted through the channel.

The frequency f is varied and plotted versus the received signal amplitude.

1.5.4 Noise Temperature 

The equivalent noise temperature T of a system is defined as the temperature at

which a noisy resistor has to be maintained such that, by connecting the resistor to the
9



input of a noiseless version of the system, it produces the same available noise power at

the output of the system as that produced by all the source of noise in the actual system.

Signal + Noise

•
ACTUAL SYSTEM

Sign~+lfai~e••NOISELESS: SYSTEM

ÜRIT ratio is typically provided for the satellite receiving system. The larger its

value, the better the system.

1.6 The Anatomy of a Satellite 

Satellites have only a few basic parts: a satellite housing, a power system, an

antenna system, a command and control system, a station keeping system, and

transponders.

1.6.1 Satellite Housing 

The configuration of the satellite housing is determined by the system employed

to stabilize the attitude of the satellite in its orbital slot. Three-axis-stabilized satellites

use internal gyroscopes rotating at 4,000 to 6,000 revolutions per minute (RPM). The

housing is rectangular with external features as shown below in figure 1.1O .

" •
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Figure 1.10: Satellite Anatomy

An alternative stabilization system is spin stabilization. As shown below in Figure

. I 1, the housing of the INTELSAT spin-stabilized satellite is cylindrical and rotates

ound its axis at 60 to 70 RPM to provide a gyroscopic effect. To keep the antenna

inted in a fixed direction, it is connected to the body of the satellite by a rotating

bearing. In spin-stabilized satellites, the solar cells are mounted on the cylindrical

surface of the satellite. The materials used in the construction of satellite housings are

ypically very expensive. In newer satellites, lightweight and extremely durable epoxy-

graphite composite materials are often used.

•

Figure 1.11: The Spin-Stabilized INTELSAT 6
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