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PREFACE

This is the second volume of the two-volume work Elements of Digital Satellite
Communication. The chapters of each volume are listed below.

Volume I: SYSTEM ALTERNATIVES, ANALYSES, AND OPTIMIZATION

Overview

Transmission Link, Channel Characterization, and INTELSAT VI
Multiple Access

Digital Modems and Receivers

Synchronization

Satellite Switching and Onboard Processing

System Optimization

o Sl ol o

Volume II: CHANNEL CODING AND INTEGRATED SERVICES DIGITAL
SATELLITE NETWORKS

Overview

Theoretical Foundations

Applications of Combinatorial Sets in Satellitt Communication
Cryptology and Message Security

Channel Coding: Performance and Variations

Error Codec Implementation

Integrated Services Digital Satellite Networks and Protocols

O s Lo e

Volume I of Elements of Digital Satellite Communication explores system
alternatives including the techniques, analyses, and tradeoffs of multiple access,
modulation, syncronization, satellite switching, and onboard processing. System
modeling is presented in terms of satellite link channels in cascade. System
optimization is addressed through a set of sample problems that can be solved
not only by linear and nonlinear programming but by dynamic, integer, prob-
abilistic, and/or combinatorial programming methods.

In Volume II we continue to identify, to explore, and to analyze selected
subjects that are pertinent to either present or future digital satellite communi-
cation. The objectives of Volume II are the same as those' of Volume I. The
emphases on methodology, unified analyses, and the applications of alien theories
that characterize Volume I are carried over to Volume II.

To cover any subject in depth, it must be at the expense of not covering other
topics. Each chapter subject in this volume can be a book by itself. In fact, for

xi



xii Preface

error-correcting codes and cryptographic methods there are good books already
written. What makes this book different is that it is written with satellite appli-
cations in mind. As elements of a system, the subjects can no longer be treated
separately. In addition, it is not a simple task to ascertain the capabilities and
limitations of each scheme when it is integrated into a particular system. How-
ever, such a task will be simpler if we know the fundamentals, alternatives,
interface problems, and a satellite system environment. Chapters 4, 5, and 6
address this need.

The subjects discussed in Chapters 3, 7, and parts of Chapter 2 have not
previously appeared in any text or any other literature. To make the material
more useful, particularly Chapter 3, Chapter 2 on theoretical foundations has
been provided. Further, in addition to the theoretical derivations, useful source
data are included in the appendices.

The level of treatment in this volume is more in depth than in Volume 1. This
depth is reflected in the mathematical maturity, as in Chapter 3, and in detail,
as found in Chapter 7. If the reader is interested only in the mechanics of the
procedures without requiring the knowledge of why and how they are formulated,
step-by-step algorithms and examples are provided separately. Otherwise, the
material in Chapter 2 and other derivations cannot be omitted. One exception is
the TDMA network protocol presented in Chapter 7.

Some parts of Chapters 2, 3, 5, and 6 were written and copyrighted (U.S.
Library of Congress Registration TXU 28-031) as lecture notes. Originally,
Volume I was concerned with the overall system aspect of satellite communi-
cation and Volume II provided the details of the subsystem aspect. The end
result is almost as planned, with the exception that in Chapter 7 of the present
Volume II, the issues of Integrated Services Digital Satellite Networks (ISDSN)
turn out to be more extensive than any element presented in Volume 1.

It should be apparent that some unique characteristics of a satellite network
in general cannot be found in any terrestrial cable network. These characteristics
include:

® Broadcasting Capability
With a satellite, a signal from one station can be received simultaneously at
all stations in the coverage area of the satellite. Within a satellite coverage
area, additional stations can be installed without affecting the satellite system.
® Distance Capability
With a satellite, message transmission is independent of distance and terrain.
® Processing Capability
With a satellite, onboard processing can provide signal enhancement, error
rate reduction, efficiency improvement, and network switching flexibility.
® Transmission Capability
Through multiple access techniques multi-destinational high-speed multi-way
transmission is not only feasible but effective.
® [mplementation Advantage
It costs less and takes less time to launch a satellite, and to build a group of
earth stations, than to utilize long-distance cables or fiber optics.
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For the above reasons we can see that a mere extension of the terrestrial-based
ISDN (Integrated Services Digital Network) experience limits the range and
scope of a truly integrated services digital network. Therefore, we define and
discuss in Chapter 7 the criteria and issues concerning ISDSN and suggest that
ISDN be included for an effective digital communication network including
satellites. In pursuit of this objective, we discuss the INTELSAT TDMA network
as a possible connerstone for such an integrated network.

For comments and corrections on this second volume, I wish to thank Drs. Elwyn
Berlekamp, Willis Gore, C. L. (David) Liu, and P. Tong for Chapters 2, 3, and
5; Dr. James Massey for Chapter 4; and Dr. Leonard S. Golding and Keiichiro
Koga for Chapter 7. However, none of them has seen the final version. Thus
any additional error, or omissions, are my responsibility.

In Chapter 4 on cryptology and message security, Sections 4.4.1, 4.4.3, 4.6.1—
4.6.5, parts of 4.7 and 4.8 are the work of Dr. J. Massey. I have only added a
few illustrations and a number of examples. Therefore, I am most grateful for
Dr. Massey’s generosity in permitting the use of his lecture notes, a fact which
not only renders that chapter outstanding but has served to improve the overall
quality of this book.

I have also benefited from the use of the original derivations or the answers
of my questions about their previous work, and express my thanks to Drs. R. C.
Bose, David Chase, David G. Leeper, James Morakis, Neil J. A. Sloane, and
Andrew Viterbi.

The computer program of the INTELSAT TDMA Network has been jointly
developed by KDD Laboratories and Mitsubishi Software Company. The com-
petence and dedication of K. Koga, H. Shinonaga, and H. Maruo are reflected
in the end results, as described in Chapter 7. I wish to thank for their support
J. Dicks, G. Forcina, S. Kahng, J. Jankowski, G. Paine, E. Podraczky, and
O. Shimbo from INTELSAT; H. Kaji and T. Muratani from KDD Laboratories.

Iwish also to thank L. Blue, B. Brienza, A. Gorelick, S. Kaplan, B.
Kogut, R. Liu, and R. Ramminger for their efforts on the second volume.

The views and judgments expressed in this book are solely those of the author, and do not necessarily
reflect the official policies of INTELSAT, an organization owned and participated in by 109 countries.
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Chapter 1
OVERVIEW

In the first volume of this two-volume set on elements of digital satellite com-
munication, we discussed essential elements such as satellite transmission links,
channel characterization, multiple access schemes with queues, and digital mod-
ulations including amplitude, frequency, phase, and their combinations. Some
modulation performance analyses included the effects of interferences, nonlin-
earities, and additive white Gaussian noise. Channel equalization and interference
cancellation techniques were presented. As a practical maximum likelihood se-
quence detector, the results of combining equalization and sequence estimation
were illustrated in terms of complexity and performance.

In Volume I we considered almost all the relevant subjects related to frame
synchronization in digital satellite communication from theory to practice, and
included useful results and guidelines, from the past to the most recent; we
provided construction procedures for synchronization sequence generation and
gave actual sync sequences with their characteristics for a number of satellite
systems. We know the tradeoffs of onboard processing along with onboard
switching, computational complexity, and traffic algorithms. Through mathe-
matical programming methods, the last chapter of Volume I demonstrates the
usefulness and the power of optimization in a variety of problems within the
sphere of satellite communication.

In this second volume we continue to identify, to explore, and to analyze
essential elements in digital satellite communication. We begin by presenting in
Chapter 2 the theoretical foundations to be used in the later chapters. These
theoretical foundations include number systems, congruences, finite field theory,
and combinatorial sets. The reason we include this material is not merely for
the sake of convenience, but we feel it is absolutely essential to the full appre-
ciation of Chapters 3 through 6. Furthermore, the presentation on the combi-
natorial Euclidean sets is not available elsewhere.

Building on the results of Chapter 2, Chapter 3 demonstrates the usefulness
of these combinatorial sets in satellite communication for a wide variety of areas.
These areas include the generation of signature sequences for random multiple
access systems with prescribed characteristics, sidelobe control in phase array
antennas, control aliasing in signal processing, determination of transponder
frequency assignment, collision control in satellite packet transmission, min-
imization of beam interference, and the generation of error-correcting codes for
either error detection, retransmission, or forward error correction. In all cases
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2 Overview

the sets provide the optimal solutions. Once the reader is familiar with the basic
properties of sets, a single set can often serve for a large number of unrelated
applications in satellite communication, as we shall demonstrate in this chapter.

The advantage of the multidestination transmission capability of a satellite
system can turn into a disadvantage if sensitive information is received by the
wrong people. Information transmitted through a satellite is also vulnerable to
message tampering and identity falsification. As the nature of the information
transmitted through a satellite network becomes increasingly complex, message
security is no longer limited to the domain of military, diplomatic, or govern-
mental operations. Chapter 4 relates cryptology to digital satellite communica-
tion. The needs, justifications, and examples of cryptosystems using satellites
are brought forth. The characteristic distinctions between communication systems
with and without encryption/decryption are observed. Cryptology is concerned
with the degree of unrecognizability of a message; cryptosystems make trans-
mitted messages unrecognizable to all but the intended receivers. All significant
cryptographic algorithms and cryptosystems are discussed in this chapter.

The problems of studying cryptology are also mentioned. These problems
include the difficulty of evaluating a cryptosystem in terms of its cryptographic
strength, and the unavailability of some of the ‘‘secrets’’ on a cryptographic
algorithm for nontechnical reasons. Because of the importance of secret sharing
systems to satellite communication, we devote one section of Chapter 4 to the
first published survey of all the work done in this area, and another section to
presenting—also for the first time—a unified construction method for secret
sharing systems.

Chapter 5 provides the justifications, variations, classifications, performance
measures, and limitations of basic error coding applications for satellite com-
munication channels. Justifications are discussed through tradeoffs of power,
bandwidth, and efficiency. Variations are illustrated by the diversity of applicable
codes and decoding techniques. Such diversity can be unified into a simple
classification. For practical purposes, critical distinctions and applicabilities among
the codes are examined. Potentially useful codes and coding techniques are
suggested, and their coding gain expressions are provided. Code performance
measures are compared on a sample of applicable codes for channels under
consideration.

Code and decoding selection criteria are put forward for the satellite trans-
mission environment. A number of implementable codes are listed in the Ap-
pendix.

Coding limitations are sized up through performance bounds. New formula-
tions are derived for forward error correction, error detection, and their com-
bination. We also include both analytical and experimental results of soft decision
and code concatenations.

Because encryption and decryption devices are in general simpler to implement
than error-correcting codecs, we discuss the theoretical foundations of the cryp-
tological algorithms in Chapter 4 without considering implementation. In Chapter
6 we are concerned with the complexity and design of error-correcting codecs,
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whose performance is described in Chapter 5. The designs for some decoders
are illustrated at the element logical level in Chapter 6.

In Chapter 7, we embark on a number of topics that relate to networks,
satellites, and protocols. When we consider issues related to integrated digital
satellite network services, these issues are no longer elements of satellite com-
munication, but, instead, satellite communication becomes an element of such
network services. We are interested in this area because it is important and it is
challenging. In this chapter, some criteria have been outlined toward the estab-
lishment of such a global service network. The international organization re-
sponsible for the development and standardization of such a task is introduced.
In some areas its work is criticized, while in other areas its work is highly
praised.

A large portion of Chapter 7 is devoted to the INTELSAT TDMA network
protocol operation, which includes network architecture, network elements, and
detailed protocol procedures. The objectives are twofold: the first is to reveal
the inner workings of this first international high-speed commercial digital sat-
ellite network and the second is to explore some of its merits, which may be
introduced as international standards.

Among its theoretical aspects, Chapter 7 includes the connection between
network protocol information and rate-distortion theory, and the equivalence
between an open network of series queues (as in a satellite link) and a closed
network with feedback queues. Since the main purpose of satellite communi-
cation is to transmit and receive messages, or to carry traffic, and as the volume
of traffic increases congestion will result, Chapter 7 concludes with a brief
discussion on congestion control.



