
Preface

This book is designed to serve two primary purposes.

1. To fill a void in spatial error analysis. The term spatial refers to one-, two-, and
three-dimensional spaces. Those interested in obtaining a clear and thorough
understanding of the various error measures and their interrelationships, includ-
ing engineers and scientists in the aerospace industry and the DoD/DoT, as well
as developers and users of navigation systems and GPS (Global Positioning
System), will find this book a useful source/reference. Particularly significant and
unique features of this book include the techniques and solutions used to solve
the general, correlated cases in two- and three-dimensional error analyses.

2. To provide a toolbox heretofore not available to the engineering/scientific
community for carrying out involved computations associated with spatial
error problems. Thus, table look-up and "guestimation" can be avoided.

The Spatial Error Analysis Toolbox consists of a set of M-files to be used with
MATLAB®. MATLAB, developed by Math Works, Inc., is a powerful interactive system
for scientific/engineering computations and graphic data displays; it must be purchased
separately from this book.

The M-files and data files of the Spatial Error Analysis Toolbox developed by the
author for error analysis, position location, and risk analysis can be obtained from the
anonymous FTP site of Mathworks Inc. at ftp.mathworks.com/pub/books/hsu.

This book is based on my experiences in (1) searching for scattered, hard-to-find
topics in the literature, (2) filtering out truth from typographical or conceptual errors, and
(3) using crude approximation—eyeballing a curve or interpolating a tabulated data list to
arrive at a solution. It is hoped that by placing the related topics under one cover, by
defining important concepts clearly and precisely, and by providing a tool to obtain fast
and accurate answers, this will serve as a useful technical source book. Thus, newcomers
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in this field will not need to go through the same struggling process as the author has had
to do in the past.

This book is organized as follows:
Chapter 1 defines the notation to be used, classifies the type of problems to be

investigated, and describes how to install the author-generated M-files for MATLAB.
Chapter 2 discusses two estimation methods of population parameters and quan-

tifies the confidence level about interval estimation.
Chapter 3 treats error analysis for the one-dimensional problem. The relationships

between root mean square (RMS) error, mean absolute error (MAE), and linear error
probable (LEP) are explained.

Chapter 4 treats error analysis for the two-dimensional problem. The relationships
between mean radial error (MRE), root mean square radial (RMSR) error, distance root
mean square (DRMS) error, and circular error probable (CEP) are explained.

Chapter 5 treats error analysis for the three-dimensional problem. The relationships
between mean radial error (MRE), root mean square radial (RMSR) error, and spherical
error probable (SEP) are explained.

Chapter 6 shows how to find the maximum likelihood estimate (MLE) for the
distribution of radial errors.

Chapter 7 discusses solutions for position location problems using error ellipses.
Chapter 8 defines the buyer's risk and seller's risk for a precision high-technology

product and shows how a reasonable pass/fail criterion can be set so that it will be
acceptable to both buyer and seller.

Appendices A, B, C provide a brief review of basic concepts in Statistics and
Probability. These include (1) various probability density functions (PDFs) and cumulative
density functions (CDFs), (2) method of confidence intervals, and (3) linear combination
of random variables. They serve as a handy reference for those who have not had formal
training in this area.

Appendix D shows the basic definitions of the various GPS dilution of precisions in
terms of the time and position standard deviations.

Appendix E contains the listings for each of the basic author-generated M-files from
which other, more involved, M-files are constructed. These programs represent one way to
do the job; more clever and efficient approaches may exist. Suggestions for improvement
from MATLAB users will be most welcome.

These M-file listings may also serve as a guide for the reader who uses computing
environments other than MATLAB to develop a personal set of software tools.

The collection of M-files used in a chapter is summarized in a table toward the end
of that chapter. The name of each M-file as well as its input(s) and output(s) are listed so
that the reader will know exactly what to include and what to expect in the MATLAB
environment.

I would like to express my appreciation to Dr. Allan J. Brockstein, research scientist
at Litton Guidance and Control Systems, for his numerous valuable proofreading
comments. Thanks are due to Dr. James R. Huddle, chief scientist at Litton Guidance
and Control Systems, for his suggestion to include Chapter 8 in this book. I am indebted to
Tao Wang from Personal TgX, Inc. for his timely technical support while I was learning
PCTgX® to typeset the book. I would like to acknowledge the many helpful comments
from Douglas M. Schwarz concerning the use of his Styled Text Toolbox in making


