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ABSTRACT 

A major feature of the European Orbital Infrastructure is the communication network; this 

facilitates the exchange of information between space and ground through interconnection of 

the various elements of the infrastructure. The aim of this work is to provide an overview and 

independent synthesis of a global scenario which is to be discussed within ESA, and which 

contribute to the gradual implementation of the integrated communication network. This 

provides an overview of a procedure for data transfer over the space to ground link of 

project examines the role of Advanced Satellite Systems as providers of backbone 

· g services in the integrated digital Network. The forces shaping the architecture of the 

networks are contrasted with the advanced functionality offered by new satellite 

ts. This 'leads to a reappraisal of the way satellites and terrestrial networks should 

.te. The advantages and problems of this integration are discussed. 
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INTRODUCTION 

The general conclusion of these studies is that satellites are expected to play a dual role 

in the networks resulting from the catharsis caused by the process of digitalization, the 

introduction of new technologies and the emergence of new services: 

(i) Satellites may be used to implement backbone transmission facilities in the public 

Integrated Digital Network (IDN). This is (be major subject of this paper. 

(ii) Satellites provide an excellent medium to implement other forms of integrated 

Services Digital Networks. These can be either Specialized Services Public Network 

e.g. SMS services on EDTELSAT system, or user-oriented networks e.g. that are those 

that are designed and satisfy specific users requirements e.g. VSAT networks or private 

networks. 

The emergence of these alternative networks in Europe is conditioned to a great extent 

by the regulatory environment. In this respect, it is important to emphasize the 

tremendous impact that on-going CEC legislation efforts may have in the development 

of industry. Three applications will not be discussed further in this paper. 

Satellite systems have been used to provide trucking services for a number of years. 

They have been fairly successful as is proven by the fact that a substantial part of the 

international traffic and two-thirds of the intercontinental traffic worldwide are routed 

by satellite. However, the emergence of optical fibers has caused some forecasters to 

predict the eventual substitution of all satellite trucking systems by fibers. 

The main argument against the use of satellites in trucking applications is the 

continuous growth of the break-even distance. This is the distance at which the cost of 

providing a circuit between two specific points by satellite, which is distance 

independent, is the same as providing the same circuit by terries trial (e.g. optical fiber) 

means, which are distance-dependent. As the capacity of systems. Grows, the cost per 

circuit diminishes and the break-even distance increases more and more. This reduces 

the applicability of satellites to remote applications. 

V 



The break-even distance argument disregards however the fact that the satellite offers 

functionality that is not directly comparable with the point-to-point transmission that the 

optical fiber allows. The satellite allows communication between any points of the 

earth's surface illuminated by its beams. This result in satellites being Flexible in their 

application, reconfirm grumble, able to match the requirement of the network operator 

(or the end user), to provide service over extended areas and to support com: special 

services. How in the light of all this, can we discard satellite: basing our argument on 

the growth of the break-even distance? In this paper, we try to project the full 

functionality of state-of-the-art and future satellite systems to the evolving European 

network. Section 2 reviews the present and future of the network. Section 3 analyses the 

major features of the satellite systems being considered and the advantages brought 

about by the integration. Finally, Section 4 reviews the system problems associated with 

the integration of the advanced satellite system in the terrestrial network. 

At the ESA council meeting at ministerial level 1985, a long term plan was approved 

for year 2000 (and beyond). This plan focuses on, and supports, a basic space 

infrastructure with a view to European autonomy, and centers on transportation using 

the Ariane-4 and 5 launchers, the Hermes space plane, participation in the Space Station 

programmed with COLUMBUS, and the preparation of future Earth observation and 

communication satellite systems. An essential part of this infrastructure is the 

communication network, which will enable the exchange of information between space 

and ground via the various elements of the infrastructure. The communication network 

is based on the use of Data Relay Satellite Systems (DRSS) which will satisfy 

communication requirements between Low Earth Orbit (LEO) user satellites and 

ground. The data generated within the LEO user satellite are received by the earth 

terminal of the control centre via the DRS and are routed through the control centre 

network to the end user (directly or via ISDN public networks), The data to be 

transferred can be subdivided into continuous data (i.e., video, voice) Which requires 

minimum end-to-end delay, and into computer data which requires minimum error rate 

ant less contraltos in terns of delay. 

VI 



1. ELEMENTS OF SATELLITE COMMUNICATION 

1.1 OVERVIEW 
The unique feature of communications satellites is their ability to simultaneously link all 

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

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 
This chapter serves as an overview of satellite communication and prepares the reader for 

more elaborate study in the rest of the book. Arthur C. Clarke, author of many famous 

books on exploration, wrote in Wireless World in 1945 that a satellite with a circular 

equatorial orbit at a correct altitude of 35,786 km would make one revolution every 24 h; 

that is, it would rotate at the same angular velocity as the earth. An observer looking at such 

a geostationary satellite would see it hanging at a fixed spot in the sky. Clarke showed that 

three geostationary satellites powered by solar energy could provide worldwide 

communications for all possible types of services. Clarke's vision became a reality 20 years 

later when the International Telecommunications Satellite Organization (INfELSAT), 

established in 1964, launched the Early Bird (INTELSAT 1) in April 1965. Many 

INTELSAT satellites have a launched or are in the planning stages, ranging from 

instruments with a small capacity (240 voice circuits or one television channel) to those 

with a huge capacity 
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(40,000 voice circuits for INTELSAT VI) and covering three regions the Atlantic, Pacific, 

and Indian oceans (Fig. 1.1 ). By 1989 hundreds of geostationary satellites were in service. 

Asumma of satellite locations can be found in. 

1.2 Satellite Frequency Bands 
Communications systems employ the electromagnetic frequency spectrum shown in Table 

1.1. The frequencies used for satellite communications are allocated in super high­ 

frequency (SHF) and extremely high-frequency (EHF) bands which are broken down into 

sub bands as summarized in Table 1.2. Spectrum management is an important activity that 

facilitates the orderly use of the electromagnetic frequency spectrum not only for satellite 

communications but for other telecommunications applications as well. This is done under 

the auspices of the. 
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International Telecommunication Union (ITU) which is a specialized agency of the United 

Nations (UN). It predates the UN, having come into existence in 1932 as a result of the 

merging of the International Tele-graph Union (1865- 1932). There are four headquartered 

technical permanent organs of the ITU: (1) the general secretariat, and headquartered in 

Geneva and responsible for executive management and technical cooperation; (2) the 

International Frequency Registration Board(IFRB), responsible for recording frequencies 

and orbital positions and for advising member countries on operation of the maximum 
practical number of radio channels in portions of the spectrum where harmful interference 

may occur; (3) the International Radio Consultative Committee (CCIR, from the initial 

letters in French), responsible for studying technical and operational questions relating to 

radio communications which results in reports, recommendations, resolutions, and 

decisions published as a group in the Green Books every 4 yr following CCIR plenary 

assemblies; and (4) the International Telegraph and Telephone Consultative Committee 

(CCITT), responsible for studying technical, operational, and tariff questions relating to 

telegraphy and telephony and for adopting reports and recommendations. The ITU has 

developed rules and guidelines called radio regulations at a series of international radio 

conferences held since 1903. The 1979 World Administrative Radio Conference (W ARC- 

79) was the most recent in this long series. The frequency bands allocated by W ARC- 79 for 

satellite communications involve 17 service categories (although some of them represent 

special subcategories), as listed in Table 1 .3, and three geographic regions: region 1 which 

includes Europe, Africa, the USSR, and Mongolia; region 2 which includes North and 

South America and Greenland; and region 3 which includes Asia ( except the USSR and 

Mongolia), Australia, and the Southwest Pacific. Tables 1 .4 and 1 .5 show the W ARC-79 

frequency allocations fixed satellite service (FSS) and broadcasting satellite service (BSS). 

Table 1.3 Satellite services 

Fixed 

Intersatellite 

Mobile 

Land mobile 

Meteorological 

Space operation 

Amateur 

Radiodetermination 
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Maritime mobile 

Aeronautical mo bile 

Broadcasting 

Earth exploration 

Space research 

Radionavigation 

Aeronautical rationalization 

Maritime rationalization 

Standard :frequency and time signal 

ht, ln. Jn 

d 

a 1, Region 1; 2, region 2; 3, region 3; up uplink (earth to space); d, 

downlink (space to earth): n, not allocated; b, bidirectional. 

b uplink limited to BSS feeder links. 

e Intended for but not limited to BSS feeder links. 
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Table 1.5 Frequency allocations for broadcasting satellite service 

\ Television only ; c, community 

reception only; 1, region I ; 2, region 2: 3, 

region 3. 

1.3 Satellite Systems 
A satellite system consists basically of a satellite in space which links many earth stations 

on the ground, as shown schematically in Fig. 1.2. The user generates the base band signal 

which is routed to the earth station through the terrestrial network. The terrestrial network 

can be a telephone switch or dedicated link to the earth station At the earth station the base 

band signal is processed and transmitted by a modulated radio frequency (RF) carrier to the 

satellite. The satellite can be thought of as a large repeater in space. It receives the 

modulated RF carriers in its uplink (earth-to-space) frequency spectrum from all the earth 

stations in the network, amplifies these carriers, and retransmits them back to earth in the 

downlink (space-to-earth) frequency spectrum which is different from the uplink frequency 

spectrum in order to avoid interference. The receiving earth station processes the modulated 

RF carrier down to the base band signal which is sent through the terrestrial network to the 

user. Most commercial communications satellites today utilize a 500-MHz bandwidth on 

the uplink and a 500-MHz bandwidth on the downlink. The most widely used frequency 

spectrum is the 6/4-GHz band, with an uplink of5.725 to 7.075 GHZ and a downlink of3.4 

to 4.8 GHz. The 6/4- GHz band for geostationary satellites is becoming overcrowded 

because it is also used by common carriers for terrestrial microwave links. Satellites are 

now being operated in the 14/12-GHz band using an uplink of 12.75 to 14.8 GHZ and a 

downlink of either 10.7 to 12.3 GHz or 12.5 to 12.7 GHz. The 14/12-GHz band will be 
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used extensively in the future and is not yet congested, but one problem exists-rain, which 

attenuates 14/ 12-GHz signals much more than it does those at 6/4 GHz. The frequency 

spectrum in the 30/20-GHz band has also been set aside for commercial satellite 

communications, with a downlink of 18. 1 to 2 1.2 GHz and an uplink of27.5 to 31 GHz. 

Equipment for the 30/20-GHz band is still in the experimental stage and is expensive. The 

typical SX-MH: satellite bandwidth at the 6/4 and 14/12-GHz bands can be segmented into 

many satellite transponder bandwidths. For example, eight transponders can be provided, 

each with a nominal bandwidth of 54 MHz and a center-to-center frequency spacing of 61 

MHz. Modem communications satellites also employ frequency reuse to 

u 
Figure 1.2 A basic satellite system 
increase the number of transponders in the 500 MHZ allocated to them. Frequency reuse 

can be accomplished through orthogonal polarizations where one transponder operates in 

one polarization (e.g., vertical polarization) and a cross-polarized transponder orates in the 

orthogonal polarization (e.g. , horizontal polarization). Isolation of the two polarizations 

can be maintained at 30 do or more by staggering the center frequencies of the cross­ 

polarized transponders so that only sideband energy of the RF carriers overlaps, as shown 

in Fig. 1.3. With orthogonal polarizations a satellite can double the number of transponders 
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in the available 500-MHz bandwidth, hence double its capacity. A review of orthogonal 

polarizations will be presented in Sec. 1.6. With this brief discussion of a general satellite 

system we will now take a look at an earth station that transmits information to and 

receives information from a satellite. Figure 1.4 shows the functional elements of a digital 

earth station. Digital information in the form of binary digits from the terrestrial network 

enters the transmit side of the earth station and is then processed (buffered, multiplexed, 

formatted, etc.) by the base band equipment so that these forms of information can be sent 

to the appropriate destinations. The presence of noise and the no ideal nature of any 

communication channel introduce errors in the information being sent and thus 'limit the 

rate at which it can be transmitted between the source and the destination. Users generally 

establish an error rate above which the received information is not usable. If the received 

information does not meet the error rate requirement, error-correction coding performed by 

the encoder can often be used to reduce the error rate to the acceptable level by inserting 

extra digits into the digital stream from the output of the base band equipment. These extra 

digits carry no information. But are used to accentuate the uniqueness of each information 

message. They are always chosen so as to make it unlikely that the channel disturbance will 

corrupt enough digits in a message to destroy its uniqueness. 
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Figure 1.4 Functional block diagram of a digital earth station 
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In order to transmit the base band digital information over a satellite channel that is a band 

pass channel, it is necessary to transfer the digital information to a carrier wave at the 

appropriate band pass channel frequency. This technique is called digital carrier 

modulation. The function of the modulator is to accept the symbol stream from the encoder 

and use it to modulate an intermediate frequency (IF) carrier. In satellite communications, 

the IF carrier frequency is chosen at 70 MHZ for a communication channel using a 36-MHz 

transponder bandwidth and at 140 MHZ for a channel using a transponder bandwidth of 54 

or 72 MHz. A carrier wave at an intermediate frequency rather than at the satellite RF 

uplink frequency is chosen because it is difficult to design a modulator that works at the 

uplink frequency spectrum (6 or 14 GHz, as discussed previously). For binary modulation 

schemes, each output digit from the encoder is used to select one of two possible 

waveforms. For Mary modulation schemes, the output of the encoder is segmented into sets 

of k digits, where M = 2k and each Fe-digit set or symbol is used to select one of the M 

waveforms. For example, in one particular binary modulation scheme called phase-shat 

keying (PSK), the digit 1 is represented by the waveform So (t) = - A cos OJ o t, where OJ o 

and the digit O is represented by the waveform So(t) = -A cos OJ o t, where OJ o is the 

intermediate frequency. (In this project the letter symbols OJ and/will be used to denote 

angular frequency and frequency, respectively, and we will refer to both of them as 

"frequency"). 

The modulated IF carrier from the modulator is fed to the unconverted, where its 

intermediate frequency OJ O is translated to the uplink RF frequency OJ u in the uplink 

frequency spectrum of the satellite. This modulated RF carrier is then amplified by the 

high-power amplifier (HP A) to a suitable level for transmission to the satellite by the 

antenna. 

On the receive side the earth station antenna receives the low-level modulated RF carrier in 

the downlink frequency spectrum of the satellite. A low-noise amplifier (LNA) is used to 

amplify this low-level RF carrier to keep the carrier-to-noise ratio at a level necessary to 

meet the error rate requirement. The down converter accepts the amplified RF carrier from 

the output of the low-noise amplifier and translates the downlink frequency OJ d to the 

intermediate frequency OJ o. The reason for down converting the RF frequency of the 

received carrier wave to the intermediate frequency is that it is much easier to design the 

10 



demodulator to work at 70 or 140 MHz than at a downlink frequency of 4 or 12 GHz. The 

modulated IF carrier is fed to the demodulator, where the information is extracted. The 

demodulator estimates which of the possible symbols was transmitted based on observation 

of the received IF carrier. The probability that a symbol will be correctly detected depends 

on the carrier-to- noise ratio of the modulated carrier, the characteristics of the satellite 

channel, and the detection scheme employed. 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. In the United States the Federal Communications Commission (FCC) assigns 

orbital positions for all communications satellites to avoid interference between adjacent 

satellite systems operating at the same frequency. Before 1983 the spacing was established 

at 4° of the equatorial arc, and the smallest earth station antenna for a simultaneous transmit 

receive operation allowed by the FCC is 5 min diameter. In 1983, the FCC ruled that axed 

service communications satellites in the geostationary orbit should be spaced every 20 

along the equatorial arc instead of 40. This closer spacing allows twice as many satellites to 

occupy the same orbital arc. The FCC ruling poses a major challenge to antenna engineers 

to design a directional feed for controlling the amount of energy received of axis by the 

antenna feed, thus reducing interference from an adjacent satellite. This challenge is 

especially great because the trend in earth stations is toward smaller antennas, but smaller 

antennas have a wider beam width and thus look at a wider angle in the sky. The FCC 

ruling specified that, as of Julyl, 1984, all new satellite earth station antennas had to be 

manufactured to accommodate the spacing of 2° and that, as of January 1 , 1 987, all 

existing antennas must be modified to conform to the new standards. 

1.4 Transmission And Multiplexing 
In the above section we took a look at a simplified satellite communications system where 

digital information (a sequence of symbols instead of continuous signals) is carried 

between terrestrial networks. Historically, analog transmission has dominated satellite 

communications since its inception. Even today many satellite systems still transmit 
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