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FOREWORD

“Precision Surveying comes as a very needed textbook in North America. It fills the
gap between existing textbooks dealing with basic principles of surveying and text-
books dealing with the theory of geodetic science. Theory of advanced surveying
techniques, their proper use in engineering and geoscience projects and thorough
accuracy analysis have been missing in the contemporary technical literature in geo-
matics. Dr. John Olusegun Ogundare, the author of the book, was one of my best
graduate students at University of New Brunswick about 20 years ago. He was a
hard working, young scientist, eager to learn, and very thorough in his work. This is
reflected in this textbook, which brings enormous amount of information on modern
surveying techniques of high precision, their proper use, and very detailed analy-
sis and evaluation of surveying projects. Setting out and high-precision alignment
of engineering structures, advanced techniques in mining and tunneling surveys, and
structural and ground deformation monitoring and analysis are covered in this book
with several case studies and practical examples. Readers at all levels of their knowl-

edge in geomatics will certainly benefit from this textbook. My congratulations go to
the author.

Adam Chrzanowski, Ph.D., Drh.c., PEng.
Director of Canadian Centre for Geodetic Engineering
University of New Brunswick



PREFACE

Precision surveying is not a specific area of discipline such as geodesy, hydrography,
remote sensing, and photogrammetry. It is a geomatics engineering practice that
applies any appropriate field of geomatics to projects in order to achieve a desired
accuracy or precision; it deals with important aspects of real-world problems,
such as designing and monitoring human-made infrastructures for millimeter-level
movements, alignment of large machines in industrial environment, and so on. Some
of the concepts and techniques involved have been developed over several decades,
and some have just been accomplished recently. Although the basic concepts and
techniques have not changed significantly and are not likely to change in the next
several years, they are still not popular and are mainly understood by researchers
or academic experts. This is partially due to the complex theoretical background
involved, which are usually difficult for students and practicing surveyors/geomatics
engineers to grasp.

My primary motivation to write this book came from my over 15 years of expe-
rience in teaching related courses to the Bachelor of Geomatics engineering tech-
nology students at the British Columbia Institute of Technology (BCIT) Canada,
and my 8 years of being a special examiner for the Canadian Board of Examiners
for Professional Surveyors (CBEPS) on Coordinate Systems, Map Projections, and
Cartography subjects. My involvement in 2007 and 2009 as a consultant to the Cana-
dian Council of Land Surveyors (CCLS)/CBEPS to develop learning outcomes, study
guides, and reference materials for one of the subjects they use as entrance require-
ments toward becoming a Canadian professional surveyor also gave me an invaluable
insight into a definite need for a comprehensive textbook on precision surveying.
One of the most difficult tasks I have had is finding appropriate books on Preci-
sion (Advanced) Surveying to recommend to students; to the best of my knowledge,
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no comprehensive and dedicated books are available for this subject. I also wrote this
book as a framework for learning underlying principles and procedures of precision
surveying with examples that are simple enough for the geomatics students and the
practicing surveyors/engineers to understand and to help them develop their interest
in precision surveying and the interdisciplinary aspects.

I had two main goals in writing this text: to satisfy the need for a comprehensive
textbook on precision surveying that would deal with the totality of precision survey-
ing principles and practice, including the recent developments in geodetic surveying
and the interdisciplinary collaborations with other fields; and to demystify various
aspects of precision surveying so that practicing surveyors/geomatics engineers can
apply them to real-world problems. My initial effort toward realizing a comprehen-
sive precision book was in developing a manual titled *“Precision Surveying: The
Principles and Practice,” funded by BCIT, which I have been using in delivering my
precision surveying courses to students at BCIT. This manual has evolved over a
number of years with many updates based on suggestions and corrections from stu-
dents, academic colleagues, and those from the industry. Recently, during my 1 year
professional development leave to the Canadian Centre for Geodetic Engineering
(CCGE) at the University of New Brunswick (UNB) in Canada, I updated the man-
ual to include more undergraduate and graduate courses, such as Survey Design and
Analysis (or Geomatics Network Design and Analysis), Precision Surveying, Engi-
neering Surveying, Mining and Tunneling Surveying, and Industrial Metrology.

In comparison with other geomatics books, this book is considered unique because
of its in-depth treatment of many specialized topics and modern trends in geomatics
that have only been discussed, up till now, in articles, journals, and conference papers.
Although the book places more emphasis on concepts and principles to prevent its
contents from aging too quickly, some theoretical discussions and complex deriva-
tions of formulae are avoided when they are not relevant to the understanding of the
concepts being presented. Moreover, this book does not include descriptions of mea-
suring techniques and some basic instrumentation, which can be found in elementary
surveying books.

This book consists of 14 chapters and 4 appendixes. Chapter 1 explains the main
properties of precision surveys with regard to basic survey procedures and different
traditional measurement techniques; it distinguishes the properties of the main classes
of precision surveys, examines general terms in the precision geodetic survey tech-
niques, and presents some safety issues and their management in relation to precision
survey projects.

Chapter 2 discusses survey observables, measuring instruments, and the theory of
observation errors, including the application of the concepts of confidence regions,
the importance of equipment testing and calibration and the statistical analysis tools
for survey measurements and parameters. In Chapter 3, an in-depth discussion is
given on various standards and specifications available for geomatics projects, includ-
ing their representations, interpretations, relationships with quality assurance/quality
control measures, and their use in geomatics projects.

Accuracy analyses and evaluations of survey measurements and their measure-
ment systems, including error sources and their treatment are presented in detail in
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Chapters 4-6. Chapter 4 deals with angle measurement and the measurement systems;
Chapter 5 describes electronic distance measurements and the measurement systems;
and Chapter 6 analyses elevation difference and coordinate difference measurements
and the relevant equipment, such as geodetic leveling and Global Navigation Satellite
System (GNSS) equipment.

Chapter 7 discusses survey design and analysis, including the main purpose,
the steps involved, the elements and problems of network design, and the issues
related to deformation monitoring schemes. The description of commonly used
three-dimensional coordinate reference systems, their needs, and the common
models for three-dimensional coordinating systems are presented in Chapter 8. Also
presented in this chapter are detailed explanation on the concepts, features, and
accuracy limitations of some coordinating systems, such as electronic theodolite
coordinating system, GNSS, airborne laser, and terrestrial laser scanning systems.

Comprehensive discussions on deformation monitoring techniques and analysis
with regard to operating principles of relevant instruments, design elements of
deformation monitoring schemes, data gathering, data processing, and data analyses,
including comparisons of different techniques and their main advantages and
limitations are given in Chapters 9—11. Chapter 9 discusses the traditional geodetic
techniques; Chapter 10 covers modern high-definition surveying (HDS) and remote
sensing techniques while Chapter 11 carefully evaluates geotechnical and structural
techniques. Some of the discussions in Chapter 10 include the essential properties
and features of HDS techniques, such as laser scanning, ground-based interferomet-
ric synthetic aperture radar (GBInSAR) and Light Detection And Ranging (LiDAR)
systems; and the satellite-based InSAR. Chapter 11 identifies the differences between
geotechnical and geodetic deformation monitoring schemes, analyses geotechnical
deformation measurements, and explains the accuracy specifications for various
geotechnical instrumentations with regard to deformation monitoring and how the
geotechnical monitoring techniques complement geodetic monitoring techniques.
This chapter is presented from the geomatics point of view so as to inform and
acquaint the geomatics specialists with the relevance of geotechnical monitoring
techniques to their practice.

Chapters 12 and 13 describe the main elements of mining and tunneling sur-
veys. Chapter 12 starts with the definitions of some mining terminology, discusses
the problems and various techniques of orientation transfer in mining and tunnel-
ing surveys, and evaluates the sources of systematic and random errors in alignment
and underground surveys, including how the errors are minimized. In Chapter 13,
the basic elements and methods of tunneling surveys are described. This includes
a discussion on approximate effects of lateral atmospheric refraction on alignment
surveys, horizontal and vertical design and simulation of tunneling surveys, error
analysis of underground traverse surveys, and the determination of grid azimuth from
gyro azimuth measurement for underground traverse surveys.

Chapter 14 gives a comprehensive description of the main techniques of precision
alignment, such as direct laser alignment, conventional surveying techniques, opti-
cal tooling, laser interferometric techniques, and polar measurement techniques; the
chapter also explains the main sources of error and the advantages and limitations
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of the different techniques. The book ends with four appendices: Appendices I-1I1
containing sample tables for use in statistical analyses of data, and Appendix IV
presents some commonly used units.

Since this book is based on the manual that has alrecady been used for several
courses taught by the author at the undergraduate level, it can be considered to have
been tested through teaching on the bachelor degree level. Certain features of the
book are designed to aid in the learning and teaching activities: the chapter objectives,
which provide an overview of the material contained in that chapter; and a number
of example problems with suggested solutions, which are to assist readers in under-
standing the principles discussed. The use of this book, however, is recommended for
third and fourth year technological and university undergraduate courses as well as
for graduate courses. Some aspects of the book, however, can be adapted for use in
second year courses if the topics of the courses are well organized with the method
of least squares adjustment course taken concurrently. In general, a good understand-
ing of elementary surveying, geodesy, and the method of least squares adjustment
are recommended prerequisites to understanding some of the concepts discussed in
this book.

Apart from being appropriate for use as textbook in college and university classes,
this book is also a valuable tool for readers from a variety of surveying backgrounds,
including practicing surveyors/engineers who are interested in precision surveys, geo-
matics researchers, software developers for geomatics, and so on.

John Olusegun Ogundare
Burnaby, B.C., Canada
9 July 2015
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