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Preface

Pseudo random signal processing has emerged from space and military applications with a history of
research and development in these areas spanning a period of more than 40 years. The main focus in
these applications was on signal formats and processing techniques that can ensure signal integrity,
especially immunity against jamming attacks. The evolution of digital mobile radio systems and the
increasing demand for positioning systems along with the advances in integrated circuit complexity
have resulted in frequent use of pseudo random signal processing as a viable technique for many
civilian and commercial applications. Especially with the introduction of cellular mobile radio systems,
pseudo random signal processing has received increased attention during the course of the late 1980s.
The numerous features of these processing techniques that are important for cellular radio include
the ability to eliminate or alleviate multipath propagation, the resistance to interference, and the
potential of sharing allocated bandwidth with other users or even sharing it as an overlay with other
communication systems. More recently, successful applications in commercial satellite navigation
systems and third-generation mobile communication systems have proven the concepts of pseudo
random signal processing as being an important and critical enabler of modern communication and
information systems. In addition, the methodology of pseudo random signal processing has evolved
into fields such as acoustics, biomedicine, and sensor systems, to mention just a few of the specialized
application areas. It can be expected that an in-depth knowledge of pseudo random signal processing
will provide the basis for the development of many new applications in communication, information,
and computer technologies, in both the short and long term.

The objective of this book is to provide an important transition from covering the mathematical
foundations to conveying the powerful engineering concepts of pseudo random signal processing. In
particular, the far-reaching signal processing principles will serve as the connecting link between theory
and practice. The book is intended to provide comprehensive coverage of the theoretical foundations of
pseudo random signal processing, which makes it timeless and independent of the actual state of the art
in circuit and system technology. The reader will also gain insights into the increasingly sophisticated
applications of the described techniques in mggdefii commuinfigation and information technologies such
as mobile radio systems, navigation systeps, scrambling, ci¢uitsigsting, cryptology, and a number of
selected specialized applications. The c#mbnauon ot theory ang Byactice makes the book attractive
as a practically oriented introduction fo researchers and it provideR essential reading for practicing
engineers.

The book is based on our experiénce inh the area of pseud¢ ranfom signal processing obtained
from numerous research projects, teaching senior graduate courses at giniversities, and delivering short
courses to industry. The book is base®. on a course entitled “Digil Signal Structures,” which has
been taught by Adolf Finger. It also draws. updni. material from thegenior graduate courses “Advanced
Communications” and “Error Control Codinrg,” which have heen taught by Hans-Jiirgen Zepernick.
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These courses are aimed at students in their final year of studies to provide insights into the areas of
advanced communications theory and how it can be utilized in practice.

The book is aimed at academics and students in the areas of electrical, electronic, and computer
engineering as well as scientists and practicing engineers in research and development. It is suitable for
a wide audience working in the fields of telecommunications, information technology, and computer
science. The book is accessible to readers with at least an undergraduate electrical engineering or
computer science background in signals and systems, communications, and electronics. The book is
written at an advanced level and will enable the reader to access the more specialized technical articles
and textbooks.

We are grateful to the many researchers whose original contributions form the foundations of
pseudo random signal processing and who basically have made this book possible. We would also like
to thank the anonymous reviewers who provided constructive suggestions and valuable comments that
guided us in the early stages to shape the content of the book into its present form.

We would like to extend warm thanks to our students from Europe, the United States, Asia, and
Australia, whose questions have helped us to refine the presentation. Special thanks go to our doctoral
students and post-doctoral research fellows for the intellectual stimulation they have provided over the
years. We would like to thank our friends and colleagues for many helpful discussions and support
during the course of writing this book. We also wish to express our deep gratitude to Dr. Manora
Caldera and Dr. Helmut Wiehl for proof-reading various parts of the manuscript and their valuable
comments and suggestions which have helped us to improve the book.

Finally, we wish to thank the editorial and publishing team of John Wiley & Sons for their enormous
assistance in the preparation of this book. In particular, we are very grateful to Birgit Gruber, Sarah
Corney, Kathryn Sharples, Claire Twine, Simone Taylor, Emily Bone, and Wendy Hunter for guiding
us safely through all the phases of the book project and for their professional work.

Hans-Jiirgen Zepernick
Adolf Finger
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{af“} k** unipolar binary, multilevel, or g-ary sequence

{a:”} " unipolar binary, multilevel, or g-ary sequence

a Unipolar binary, multilevel, or ¢g-ary sequence of length or period N
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a(x) Polynomiai

a*(x) Reciprocal polynomial of a(x)

a(x,x~")  Laurent polynomial

a(D) Power series representation of sequence {a;}

arg(c) Argument of a complex number ¢ = ¢, + jc,

A, Agreements for discrete-time shift s

b Element i of sequence {b,}
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b k'™ unipolar binary, multilevel, or g-ary sequence of length or period N
b [" unipolar binary, multilevel, or g-ary sequence of length or period N
b(x) Polynomial

b*(x) Reciprocal polynomial of b(x)

b(x,x7") Laurent polynomial

D) Power series representation of sequence {b;}

B; Conjugacy class of 8’ with respect to a given Galois field

¢ Element i of sequence {c;}
P Element i of k™ sequence {c*'}
? Element i of I sequence {c"}



xviii SYMBOLS

{c;} Unipolar binary, multilevel, or g-ary sequence
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det(-) Determinant of a matrix
degla(x)] Degree of polynomial a(x)
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E, Energy of x(r)
E{-} Expectation
f Frequency
f- Chip rate
f(x) General polynomial
F{} Fourier transform
F49 Inverse Fourier transform
g(x) Generator polynomial
ged(a, b) Greatest common divisor of a and b
GF Galois field
GF(p) Galois field or prime field of order p
GF(q) Galois field or extension field of order g = p™
GF(p)[x] Set of polynomials f(x) of arbitrary degree over GF(p)
H(") Histogram
i Discrete-time variable
lim Limit
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3
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R, ((s)
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Rx,x(T)
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Length or period of a sequence

Number of monic irreducible polynomials p(x) in GF(p)[x] of degree n
Order of an element B of a finite field

Irreducible or primitive polynomial

Bit error rate

Power of x(f)

Processing gain

Normalized autocorrelation coefficient of x(¢)

Normalized crosscorrelation coefficient of x(r) and y(¢)
Rectangular pulse

Average mean-square out-of-phase aperiodic autocorrelation value
Maximum out-of-phase periodic autocorrelation magnitude
Maximum out-of-phase periodic odd autocorrelation magnitude
Average mean-square aperiodic crosscorrelation value
Maximum periodic crosscorrelation magnitude

Maximum periodic odd crosscorrelation magnitude

Maximum nontrivial periodic correlation value

Periodic autocorrelation function of a

Periodic crosscorrelation function of a and b

Periodic autocorrelation function of x

Periodic crosscorrelation function of x and y

Periodic autocorrelation function of u

Odd periodic autocorrelation function of u

Periodic crosscorrelation function of u and v

Odd periodic crosscorrelation function of u and v
Autocorrelation function of x(#)

Crosscorrelation function of x(z) and y(¢)

Autocorrelation function of u(f)

Crosscorrelation function of u(f) and v(r)

Autocorrelation function of a wide-sense stationary random process X(?)
Autocorrelation function of a random process X(r)
Crosscorrelation function of two random processes X(¢) and Y(¢)
Residue or remainder

Residue class

Real part of a complex number ¢ =c¢, + jc,

Discrete-time shift variable

Signum function

Sinc function

Step function

Power spectral density of x(f)

Power spectral density of u(t)

Autocorrelation spectrum of x

Crosscorrelation spectrum of x and y

Continuous-time variable

Period of continuous-time signal

Chip duration

Element i of sequence {u;}
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{u)
{u}
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a®
u(r)
i
o
y®

SYMBOLS

Element i of k™ sequence {u')

Element i of I sequence {u"}

Complex-valued or polyphase sequence

k™ complex-valued or polyphase sequence

"™ complex-valued or polyphase sequence

Complex-valued or polyphase sequence of length or period N
k™ complex-valued or polyphase sequence of length or period N
" complex-valued or polyphase sequence of length or period N
Complex-valued signal

Element i of sequence {v;}

Element i of k' sequence {v*'}

Element i of I'"* sequence {v\"}

Complex-valued or polyphase sequence

k* complex-valued or polyphase sequence

** complex-valued or polyphase sequence

Complex-valued or polyphase sequence of length or period N
k™ complex-valued or polyphase sequence of length or period N
I'" complex-valued or polyphase sequence of length or period N
Complex-valued signal
Weight of a

Element { of sequence {x;}
Element i of k™ sequence {x,
Element i of I sequence {x\’}

Bipolar binary or real-valued sequence

k** bipolar binary or real-valued sequence

I'* bipolar binary or real-valued sequence

Bipolar binary or real-valued sequence of iength or period ¥
k™ bipolar binary or real-valued sequence of length or period N
I bipolar binary or real-valued sequence of length or period N
Real-valued signal

Random variable

Random process

Fourier transform of x(z)

Element i of sequence {y,}

Element i of k" sequence {y*'}

Element i of I'"* sequence {y'"}

Bipolar binary or real-valued sequence

k** bipolar binary or real-valued sequence

I'* bipolar binary or real-valued sequence

Bipolar binary or real-valued sequence of length or period N
k™ bipolar binary or real-valued sequence of length or period N
I'* bipolar binary or real-valued sequence of length or period N
Real-valued signal

Random variable

Random process

Fourier transform of y()
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‘/’j(x)
Pij
Ar
A()

3I!|Jncrn<<>®@::

SYMBOLS

Element i of sequence {z;}

Element i of k™ sequence {z¥}

Element i of I** sequence {z\"}

Bipolar binary or real-valued sequence
k" bipolar binary or real-valued sequence
I'* bipolar binary or real-valued sequence
Bipolar binary or real-valued sequence of length or period N
&' bipolar binary or real-valued sequence of length or period N
I'* bipolar binary or real-valued sequence of length or period N
Real-valued signal

Primitive element of a Galois field
Element of a Galois field

Element of a Galois field

Dirac impulse

Energy efficiency

Mébius function

Covariance coefficient

Euler’s totient function

Cyclotomic polynomial

Correlation coefficient

Continuous-time shift variable

Chip duration

Triangular pulse

Set of complex numbers

Finite field

Set of natural numbers

Set of nonzero natural numbers

Set of real numbers

Set of integer numbers

Absolute value or magnitude

Cardinality or size of a set

Transposition of a vector or matrix
Inversion of a matrix

Complex conjugation

Greatest integer less than or equal to x
Smallest integer greater than or equal to x
Modulo addition

Kronecker product

Conjunction

Disjunction

For all

Is an element of

Union

Subset

Negation

Equivalence

Fourier transform
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a!

alb

()

a(t) = b()
a(f)y = b(t)
A\ B

o0

Factorial function

a divides b

Binomial coefficient
Legendre symbol
Convolution

Correlation

Difference of set A and set B
Infinity



