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Introduction

The progress of GIS (Geographic Information System) over the past two
decades has been phenomenal. The quantity and quality of research litera-
ture contributed, new applications developed and systems engineered using
GIS are indicators of its growing popularity among researchers, industry and
the user community. Though GIS derives its acronym from Geographic Infor-
mation System, it has emerged as a platform for computing spatio-temporal
data obtained through a heterogeneous array of sensors from Land-Air-Sea
in a continuous time frame. Therefore, GIS can easily be connoted as Spatio-
Temporal Information (STI) systemn.

The capability of continuous acquisition of high spatial and high spectral
data has resulted in the availability of a large volume of spatial data. This has
led to the design, analysis. development and optimization of new algorithms
for extraction of spatio-temporal patterns from the data. The trend analy-
sis in spatial data repository has led to the development of data analytics.
The progress in the design of new computing techniques to analyze, visualize,
quantify and measure spatial objects using high volume spatial data has led
to research in the development of robust and optimized algorithms in GIS.

The collaborative nature of GIS has borrowed modeling techniques, scien-
tific principles and algorithms from different fields of science and technology.
Principles of geodesy. geography, geomatics. geometry, cartography. statis-
tics, remote sensing, and digital image processing (DIP) have immensely con-
tributed to its growth. In this book I have attempted to compile the essential
computing principles required for the development of GIS. The modeling,
mathematical transformations. algorithms and computation techniques which
form the basis of GIS are discussed. Each chapter gives the underlying comput-
ing principle in the form of CDF (Concept-Definition-Formula). The overall
arrangement of the chapters follows the principle of IPO (Input-Processing-
Output) of spatial data by GIS.

This book is intended to encourage the scientific thoughts of students,
researchers and users by explaining the mathematical principles of GIS.

xxi



Preface

Each time I wanted to experiment and analyze the spatial data presented to
me. I was confronted with many queries such as: Which GIS function will
be suitable to read the spatial data format? Which set of functions will be
suitable for the analysis? How to visualize and analyze the resulted outputs?
Which COTS GIS has all the related functions to meaningfully read, analyze,
visualize and measure the spatio-temporal event in the data?

Even if T were to select a COTS GIS system which is most suitable to an-
swer all these queries, the cumbersome process of fetching the COTS GIS along
with its high cost and strict licensing policy discourages me from procuring
it. That made me a very poor user of COTS GIS and associated tools.

But the quest to analyze, visualize, estimate and measure spatial informa-
tion has led me to search for the mathematical methods, formulae, algorithms
that can accomplish the task. To visualize terrain as it is through modeling of
spatial data has always challenged the computing skills that I acquired during
my academic and professional career.

The alternatives left are to experiment with the growing list of open source
GIS tools available or to design and develop a GIS software. Compelled by
all these circumstances I developed a set of GIS tools for visualization and
analysis ab initio.

The design and development of GIS functions need deeper understanding
of the algorithms and mathematical methods inherent in the process. The first
principle approach of development has its own merit and challenges. This has
led me to delve into the mathematical aspects of geodesy, cartography, map
projection, spatial interpolation, spatial statistics. coordinate transformation
ete. This book is the outcome of the associated scientific computations along
with the applications of computational geometry, differential geometry and
affine geometry in GIS.

Putting all these scientific principles together I came up with a new defi-
nition. GIS is a collaborative platform for visualization and analysis of spatio-
temporal data using computing methods of geodesy. photogrammetry, cartog-
raphy, computer science, computational geometry, affine geometry. differential
geometry, spatial statistics, spatial interpolation, remote sensing, and digital
image processing.

This book is intended for students, researchers and professionals engaged
in analysis, visualization and estimation of spatio-temporal data, objects and
events.
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