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Foreword

More than 35 years have passed since some of us were fortunate enough to play a
role in the design of GPS. Predecessor systems and designs, such as Transit, Tima-
tion, 621B, DNSS, and atomic clocks provided some of its foundations. Considered
at first by some as a useless adventure of some technologists with little knowledge
of real navigation, GPS has now become a household word and has many millions
of users, mostly civilian, in aircraft, ships, surveying, construction, and most of all,
cell phones and automobiles.

Assisted GPS (A-GPS) is one of the major contributors to the widespread use
of GPS, especially for cell phones and other handheld units. A-GPS integrates GPS
and communications, especially wireless and utilizes GPS chips with added low-cost
processing power and many thousands of correlators. GPS satellites are limited in
the amount of power they can provide to users on the ground many thousands of
miles away. A-GPS provides important information, by means of these separate
wireless communications channels, to substantially improve the processing power
of the GPS receiver, so that they can operate successfully in disadvantaged loca-
tions and circumstances where buildings, trees, hills may partially degrade the GPS
signals.

A-GPS—Assisted GPS, GNSS, and SBAS by Dr. Frank van Diggelen brings
together a highly readable description of this technology and its theory and an
emphasis on practical examples of its actual use or planned use in real-world
applications, products, and chipsets. He complements this detailed description of
A-GPS with a large number of Matlab code examples and an even larger num-
ber of informative figures and tables. He also translates the industry standards
into a practical perspective. He concludes with a glimpse of the future of A-GNSS,
in which new generations of GPS and other global-navigation satellites will be in
orbit.

Dr. James ]. Spilker, Jr., Ph.D, NAE
Professor, Consulting

Department of Electrical Engineering
and Aeronautics and Astronautics
Cofounder, Stanford University

Center for Position, Navigation, and Time
March 2009
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Preface

This book is primarily intended for GNSS technical professionals involved in the
study, research, design, or use of GPS/GNSS. However, much of the book is also
intended to be accessible to a nontechnical audience. To achieve this dual-purpose,
the book has been organized so that each chapter begins with an overview of the
subject matter. The nontechnical reader, or anyone wishing to get a quick insight,
can read the entire Chapter 1, and then Section 2.1, Section 3.1, and so on. This
gives you approximately a 50-page summary, like an embedded study guide.

For the technical GPS professional the book is meant as a complete design guide
to Assisted GPS: It is intended for engineers and scientists already thoroughly famil-
iar with the basics of GPS.

The author has been involved in the development of commercial GPS receivers
since before the initial operational capability of the GPS system. Over the last de-
cade he has been exclusively employed in the design and implementation of A-GPS
receivers deployed in tens of millions of personal navigation devices and mobile
phones worldwide. Thus the book is written from the point of view of practical
design of A-GPS for commercial use. It focuses on what is actually done in industry.
Because of this you may notice that in some topics we deviate from the conventional
approach described in many GPS texts, especially in the areas of signal processing
for high sensitivity. This is mostly to reflect actual practice, but also comes with the
express intent to show alternative approaches to certain topics already covered or
touched on in earlier works. So if you find that certain expositions are not what you
are used to, this is, I hope, the deliberate result of a new approach.

Although the book is intended to be practical, we do not shy away from theo-
retical detail where it is required. Chapters 4 and 5, dealing with navigation, are
dense with linear algebra; and Chapter 6 (High Sensitivity) has much statistical
analysis for digital signal processing. However, to make it easier to absorb the mate-
rial, we provide worked examples in Matlab, including snippets of Matlab scripts
that you can read, or copy and run for yourself, to illustrate certain concepts or
replicate results.

This book evolved from a course on Indoor GPS (or high sensitivity A-GPS) first
taught in March 2001. Chapter 6 is dedicated to high sensitivity receiver design,
and is almost a book within a book. The rest of the book covers the other aspects of
A-GPS, including: generation and analysis of the assistance data; the mathematics
of GPS navigation, in particular coarse-time navigation; long term orbits; industry
standards; government mandates; and future A-GNSS.

As part of the emphasis on the practical approach, the book includes an appen-
dix with tables of conversion factors and rules of thumb that A-GNSS designers and
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Preface

researchers will use in their everyday work. These tables include cross references to
the relevant sections where each topic is analyzed. I have these tables at my desk for
everyday reference, and I hope you find them equally helpful.

I will be grateful to readers who point out errors and offer ideas for improve-
ment at www.frankvandiggelen.com.
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