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ABSTRACT 

In daily life satellite communication has a great importanceand used in every

importantfield like in official work, army field and field of science.

A satellite communication system can take many different forms. As
associated antennas and satellite transponder forms the primary portion of the
communicationas a sub-system on a communicationsatellite. These transponders
differ from conventional microwave and ordinary communication system, which
access the satellite simultaneously as nearly the same instant from widely different
points on earth, so we can say multiple carriers arrive at and must be relayed by,

the satellite transponder and its opens the new sought of light on human.

Chapter one deals with the details of satellite communication, types of
communicationdevices, system, and controlling of different kinds of antennas and

transponders.

In chapter two there is a discussion about multi-channel transponders, some
of the advantage of transponder canalization, typical frequency plans and potential
advantages of processing transponders. Frequency division multiple access
(FDMA) protocols have the potential to provide simple but effective broadcast bus
communicationfor embedded systems in described in chapter third. However bus
master based protocol such as TOMA can be undesirable in practice because the
bus master node constitutes single point failure vulnerability and adds to system
expense. It presents the FD~ protocol, which eliminates the need of having bus
master use of nondestructive jamming signal fro frame synchronization.This can•
be critical for low-cost implementations. FDMA reaps the beQ.efit of protocols

"
" without suffering the reliability and system complexity drawbacks of FDMA

methods.

Chapter four covers the detail effect of the TOMA multiple access techniques,
and also describe the fundamental propertiesof frequencydivision multiple access

(FDMA).

ii



TABLE OF CONTENTS 

ACKNOWLEDGMENT. 

ABSTRACT 

1. INTRODUCTION TO SATELLITE COMMUNICATION 
1 .1 Introduction

1.2 Historical developments of satellite

1.3 Communication satellite systems

1.4 Communication satellites

1.5 Satellite frequency bands

1.6 Satellite Multiple-Access Formats

2. INTRODUCTION TO TRANSPONDERS 
2.1 Introduction

2.2 A Transponder Model

2.3 Purpose of Transponders

2.4 Frequency plans

2.4.1 Frequency Chanalization

2.4.2 Frequency Reuse

2.5 Reception of Transponders

2.6 Processing Transponders

2.7 Multiple Accesses

2.8 Hamming Distance.

2.9 Telemetry Tracking and Command (T T&C) Subsystem

2.1O Modulation Tec.ıniques •

2.10.1 Reliability

2.10.2 Multiple Accesses

2.10.3 Security

2.11 Transponder Landing System

2.12 Kinds of Transponder

2.12.1 Deep Space Transponder

ii

1

1

1

2 

7

12

14

18

18

18

20

20

21

22 

23

25

27

28

29

30

31

31

32

32

34

34



2.12.2 Telephony Transponder

2.12.3 Transponders, TWTAs, and SSPAs

2.12.4 ID 100-lmplantable transponder

3. FREQUENCY DIVISION MUL TiPLE ACCESS 
3.1 Introduction

3.2 The FDMA System

3.3 FDMA Channelization

3.4 (4) - AM/PM Conversion with FDMA

3.5 Satellite-Switched FDMA

4. TIME DIVISION MUL TiPLE ACCESS 
554.1 Introduction

4.2 TOMA Frame Structure

4.2.1 Reference Frame

4.2.2 Traffic Burst

4.2.3 Guard Time

4.3 TOMA Burst Structure

4.3.1 Carrier ar.d Clock Recovery Sequence

4.3.2 Unique Word

4.3.3 Signaling Channel

4.3.4 Traffic Data

4.4 TOMA Frame Efficiency

4.5 TOMA Super Frame Structure

4.6 Burst Time Plan

4. 7 Burst Position Control ..

.. 4.8 Asynchronous Interfaces

4.9 Synchronous Interfaces

4.1 O Advanced TOMA Satellite Systems

CONCULSION 

REFERNCES 

•

34

36

36

38

38

39

46

50

52

55

55

56

56

57 

57 

58

59

59

70

71

72 

74

76

77 

84

87 

91

94

95



1. INTRODUCTION TO SATELLITE COMMUNICATIONS 

1.1 Introduction 
The use of orbiting satellites is an integral part of today's worldwide

communication systems. As the technology and hardware of such systems
continue to advance significantly, it is expected that satellites will continue to

play an ever-increasing role in the future of long-range communications. Each

new generation of satellites has been more technologically sophisticated than

its predecessors, and each has had a significant impact on the development
and capabilities of military, domestic, and international communication systems.

This progress is expected to continue into the next century, and the capability to

transfer information via satellites may well surpass our present-day

expectations.
To the communication engineer, satellite communications has presented a

special type of communication link, complete with its own design formats,

analysis procedures, and performance characterizations. In one sense, a
satellite system is simply an amalgamation of basic communication systems,

with slightly more complicated subsystem interfacing. On the other hand, the

severe constraints imposed on system design by the presence of a space borne

vehicle makes the satellite communication channel somewhat special in its

overall fabrication.

1.2 Historical Developments of Satellite 
••Long-range communications via modulated microwave electromagnetic

fields were first introduced in the 1920s. With the rapid development of
•.• microwave technology, these systems quickly became an important part of our

terrestrial (ground-to-ground) and near-earth (aircraft) communication systems.

However, these systems were, for the most part, restricted to line-of-sight links.

This meant that two stations on Earth, located over the horizon from each other,

could not communicate directly, unless by ground transmission relay methods.

The use of troposphere and ionosphere scatter to generate reflected sky waves

for the horizon links tends to be far too unreliable for establishing a continuous

system.
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In the 1950s a concept was proposed for using orbiting space vehicles for

relaying carrier waveforms to maintain long-range over-the-horizon

communications. The first version of this idea appeared in 1956 as the Echo
satellite a metallic reflecting balloon placed in orbit to act as a passive reflector

of ground transmissions to complete long-range links. Communications across

the United States and across the Atlantic Ocean were successfully

demonstrated in this way. In the late 1950s new proposals were presented for

using active satellites (satellites with power amplification) to aid in relaying long

range transmissions. Early satellites such as Score, Telstar, and Relay verified

these concepts. The successful implementation of the early Syncom vehicles
proved further that these relays could be placed in fixed (geostationary) orbit

locations. These initial vehicle launchings were then followed by a succession of

new generation vehicles, each bigger and more improved than its predecessors.
Today satellites of all sizes and capabilities have been launched to serve

almost all the countries of the world. Satellites now exist for performing many

operations, and present development is toward further increase in their role.

1.3 Communication Satellite Systems 
A satellite communication system can take on several different forms;

Figure 1.1 summarizes the basic types. System I shows an uplink from a

ground-based earth station to satellite, and a downlink from satellite back to

ground. Modulated carriers in the form of electromagnetic fields are propagated

up to the satellite. The satellite collects the impinging electromagnetic field and

retransmits the modulated carrier as a downlink to specified earth stations. A
••

satellite that merely relays the uplink carrier as a downlink is referred to as a
•

relay satellite or repeater satellite, more commonly, since the satellite transmits
ı, ••

• the downlink by responding to the uplink, it is also called a transponder. A

satellite that electronically operates on the received uplink to reformat it in some

way prior to retransmission is called a processing satellite.
System II shows a satellite crosslink between two satellites prior to

downlink transmission. Such systems allow communication between earth

stations not visible to the same satellite. By spacing multiple satellites in proper
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orbits around the Earth, worldwide communications between remote earth

stations in different hemispheres can be performed via such crosslink.

~Satellite

FIGURE1 .1 satellite system (I) ground-ground

Earth

.. • •
FIGURE1 .2 satellite system (II) ground-cross-link-ground

System Ill shows a satellite relay system involving earth stations, near

earth users (aircraft, ships, etc.), and satellites. An earth station communicates
to another earth station or to a user by transmitting to a relay satellite, which

relays the modulated carrier to the user. Since an orbiting satellite will have

larger near-earth visibility than the transmitting earth station, a relay satellite

3



allows communications to a wider range of users. The user responds by

retransmitting through the satellite to the earth station.

User

Earth

FIGURE1 .3 satellite systems (Ill) ground-user relay

The link from earth station to relay to user is called the forward link, while

the link from user to satellite to Earth is called the return link. The satellite

systems of Figure 1.1, 1.2, 1.3, can perform a wide variety of functions, besides

the basic operation of completing a long-range communication link. Today's
satellites are also used for navigation and position location, terrain observations,

weather monitoring, and deep-space exploration, and are an integral part of

wide area distribution networks. Figure 1.4 shows a satellite navigation system,

in which signals from multiple satellites can be received simultaneously by a

moving or stationary receiver and processed instantaneously to determine its

location and velocity. This forms the basis of the Global Positioning Satellite..
(GPS) system in which a network of orbiting satellites are continually available

~
to provide the ranging signals for authorized users anywhere in the world. The

•. lt

figure shows a satellite serving as a terrestrial observation vehicle in which

weather, terrain, or agricultural information can be collected by cameras and
monitors and transmitted to earth-based locations. It also shows a satellite as a

primary interconnection between a vast network of moving vehicles and fixed

point earth stations, with voice, data, or command information being exchanged,

the use of space vehicles to probe the outer universe by returning television and

scientific data has been carried out successfully for several decades. Although
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simpler in structure and limited in communication capability, these vehicles

represent, again, a form of communication satellite whose design principles are

similar to those of Figure 1.1, 1.2, 1.3. After deriving the key satellite link

equations, the deep-space channel can be viewed as a special case to which

the basic analysis can be applied.

Earth stations form a vital part of the overall satellite system, and their cost

and implementation restrictions must be integrated into system design.

Basically, an earth station is simply a transmitting or receiving or both power

station operating in conjunction with an antenna subsystem. Earth stations are

usually categorized into large and small stations by the size of their radiated

power and antennas. Larger stations may use antenna dishes as large as 10-60

m in diameter, while smaller stations may use antennas of only 3-10 m in

diameter, which can be roof-mounted. The current trend is toward very small

aperture terminals (VSATs), using 1-3 ft (0.3-0.9 m) antennas that can be

attached to land vehicles or even man packs. Large stations may often require

antenna tracking and pointing subsystems continually to point at the satellite

during its orbit, thereby ensuring maximum power transmission and reception. A

given earth station may be designed to operate as a transmitting station only, as

a receiving station only, or as both. An earth station may transmit or receive

single or multiple television signals, voice, or data (teletype, commands,

telemetry, etc.) information, as well as ranging (navigation) waveforms, or

perhaps a combination of all these items, the internal electronics of an earth

station is generally conceptually quite simple. In a transmitting station the base

band information signals (telephone, television, telegraph, etc.) are brought in..
on cable or microwave link from the various sources. The base band information

is then multiplexed (combined) and modulated onto intermediate-frequency (IF)
~

•• carriers to form the station transmissions, either, as a single carrier or perhaps a

multiple of contiguous carriers. If the information from a single source is placed

on a carrier, the format is called single channel per carrier (SCPC). More

typically, a carrier will contain the multiplexed information from many sources,

as in telephone systems. The entire set of station carriers is then translated to

radio frequencies (RF) for power amplification and transmission. A receiving

earth station corresponds to a low-noise wideband (RF) front end followed by a

translator to (IF). At the (IF), the specific uplink carriers wishing to be received,
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FIGURE 1.4 Satellite uses

are first separated, then demodulated to base band. The base band is then de

multiplexed (if necessary) and transferred to the destination. In some

applications an earth station may itself operate in a transponding mode, in

which received satellite signals are used to initiate a retransmission from the

station to the satellite.
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FIGURE 1.5 Earth-station block diagrams (Transmitting and receiving)
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FIGURE 1.6 Satellite block diagram (Ideal)
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FIGURE 1.7 Satellite diagram (Repeater)

1.4 Communication Satellites 
A communication satellite is basically an electronic communication pack

age placed in orbit. The prime objective of the satellite is to initiate or aid

communication transmission from one point to another. In modern systems this

information most often corresponds to voice (telephone), video (television), and

digital data (teletype). A satellite transponder must relay an uplink or forward..
link electromagnetic field to a downlink, or a return link. If this relay is accom-

~
plished by an orbiting passive reflector, as, for example, in the case of the Echo,. .

.• satellite, the power levels of the downlink will be extremely low owing to the total

uplink-downlink propagation loss (plus the additional loss of a non-perfect

reflector). An active satellite repeater aids the relay operation by being able to
add power amplification at the satellite prior to the downlink transmission.

Hence, an ideal active repeater would be simply an electronic amplifier in orbit.

Ideally, it would receive the uplink cater, amplify to the desired power level, and

retransmit in the downlink. Practically, however, trying to receive and retransmit
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an amplified version of the same uplink waveform at the same satellite will

cause unwanted feedback, or ring around, from the downlink antenna into the

receiver. For this reason satellite repeaters must involve some form of
frequency translation prior to the power amplification. The translation shifts the

uplink frequencies to a different set of downlink frequencies so that some

separation exists between the frequency bands. This separation allows

frequency filtering at the satellite uplink antenna to prevent ring around from the

transmitting (downlink) frequency band. In more sophisticated processing

satellites the uplink carrier waveforms are actually reformatted or restructured,

rather than merely frequency-translated, to form downlink. Frequency-band

separation also allows the same antenna to be used for both receiving and
transmitting, simplifying the satellite hardware. The frequency translation

requirement in satellites means that the ideal amplifier should instead be

reconstructed. The satellite contains a receiving front end that first collects and

filters the uplink. The collected uplink is then processed so as to translate or
reformat to the downlink frequencies. The downlink carrier is then power

amplified to provide the retransmitted carrier. As more sophisticated satellites

have evolved, the basic transponder model has been modified and extended to

more complicated forms.
In addition to the uplink repeating operation, communication satellites may

involve other important communication subsystems as well (Figure 1.8). Since

satellites may have to be monitored for position location, a turnaround ranging
subsystem is often required on board. This allows the satellite to return

instantaneously an uplink ranging waveform for tracking from an earth station, in
••addition, communication satellites must have the capability of receiving and

decoding command words from ground-control stations. These commands are

.• used for processing adjustments or satellite 'orientation and orbit control. Most

satellites utilize a separate satellite downlink to specific ground-control points for

transmitting command verification, telemetry, and engineering "housekeeping"

data. These uplink and downlink subsystems used for tracking, telemetry, and
command (TT&C) are usually combined with the uplink processing channels in

some manner. This means that, although they are not part of the mainline

communication link, their design and performance does impact on the overall

communication capability of the entire system.
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Primary power supply for all the communication electronics is generally

provided by solar panels and storage batteries. The amount of primary power

determines the usable satellite power levels for processing and transmission

through the conversion efficiency of the electronic devices. The higher the

primary power, the more power is available for the downlink retransmissions.

However, increased solar panel and battery size adds additional weight to the

space vehicle. Thus, there is an inherent limit to the power capability of the

communication system.
Another important requirement in any orbiting satellite is attitude

stabilization. A satellite must be fabricated so it can be stabilized (oriented) in ,
space with its antennas pointed in the proper uplink and downlink directions.

Satellite stabilization is achieved in one of two basic ways. Early satellites were

stabilized by physically spinning the entire satellite (spin-stabilized) in order to

maintain a fixed attitude axis. This means all points in space will be at a fixed

direction relative to that axis. However, if the entire satellite is spinning, the
antennas and solar panel must be de-spun so they continually point in the

desired direction. This de-spinning can be accomplished either by placing the
antennas and panels on platforms that are spun in the opposite direction to

counteract the spacecraft spin or by using multiple elements that are phased so

that only the element in the proper direction is activated at any time. Again an

inherent limitation to both antenna and solar panel (power) size.
The second stabilization method is carded out via internal gyros, through

which changes in orientation with respect to three different axes can be sensed
and corrected by jet thrusters (three-axis stabilization). As requirements on

satellite antennas and solar panels increased in size, it became correspondingly

more difficult to de-spin, and three-axis stabilization became the preferred

method. Spin stabilization has the advantage of being simpler and providing

better attitude stiffness. However, spinning is vulnerable to bearing failures,

cannot be made redundant, and favors wide diameter vehicles, which may be

precluded by launch vehicle size. Also, when de-spinning multiple-element

antennas and solar panels, only a fraction of each can be used at any one time,

thus reducing power efficiency. Three-axis stabilization tends to favor vehicles

with larger antennas and panels, and favors operation where stabilization

redundancy is important.
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*FIGURE 1.8 Satellite sub-systems
•

Attitude stabilization also determines the degree of orientation control, and

therefore the amount of error in the ability of the satellite to point in a given

direction. Satellite downlink pointing errors are therefore determined by the

stabilization method used. Both methods previously described can be made to

produce about the same pointing accuracy, generally about a fraction of a
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degree. The pointing errors directly affect antenna design and system

performance, especially in the more sophisticated satellite models being

developed.
Satellite power amplifiers provide the primary amplification for the

retransmitted carrier, and are obviously one of the key elements in a

communication satellite. Power amplifiers, besides having to generate sufficient

power levels and amplification gain, have additional requirements for reliability,

long life, stability, high efficiency, and suitability for the space (orbiting)

environment. These requirements have sufficiently been met by the use of

traveling-wave-tube amplifiers (TWTAs), either of the cavity-coupled or helix

type.
TWTAs have been developed extensively, their theory of operation is well

understood, and they have been implemented successfully in all types of space

missions. For this reason TWTAs have emerged as the universal form of both

earth-station and satellite power amplifiers. Even as increased demands on

power amplifiers will push them to higher power levels and higher frequencies,

the TWTAs will undoubtedly continue to be the dominant amplification device.

Their continual development has already produced sufficient power levels well

into the 30-0Hz frequency range.

It is expected that there will be continued effort to develop smaller lighter

weight solid-state amplifiers, such as gallium arsenide field-effect transistors

(GA FET) for future satellite operations. These devices, however, have not been

established in higher-power operating modes with reasonably sized bandwidths.

They most likely will have future applications with appropriate power-combining,

or lower-power, multiple-source operations. FET operation is generally confined

to upper frequencies of about 30 GHz. For projected amplification above 300Hz,

impact avalanche transit time (IMPATI) diode, amplifiers are rapidly developing

as a capable medium-power amplifier. Such diodes have been developed at

frequencies up to about 60 GHz, and it appears they will become extendable to

100 GHz operation in the near future.
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